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thrombophlebitis 
and 
pulmonary embolism 


Clinically proved,“* ACTASE has a specific lytic ef- 
fect upon the venous thrombus or pulmonary embolus. 
Patients respond rapidly, often dramatically, to the clot- 
dissolving action of an intravenous infusion of this phy- 
siologic fibrinolysin.* A significant decrease in length of 
hospitalization following thrombophlebitis, as well as a 
reduction in the threat of pulmonary embolism, is now 
possible. In one series of patients with deep thrombo- 
phlebitis, some of whom had previously 
suffered pulmonary emboli, no occur- 
rence of pulmonary emboli was reported 
following administration of ACTASE." 
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Dependable instrumentation is vital 
when measuring radioisotopes in 


Many of the most important diagnostic tests using 


radioisotopes require measurement of gamma- 


emitting isotopes in blood, plasma or urine samples. 


The most efficient way to count gamma-emitters is with . 


a scintillation well counter because the sample can be 
inserted directly into the crystal “well”. Almost all 
the gamma-emission interacts with the crystal. 
When a scintillation counter is combined with a 
scaler-spectrometer, the full capabilities of the well 
counter are realized. The spectrometer allows a phy- 
sician to “tune out” background radiation caused by 
cosmic rays and other sources in the vicinity. Thus, 
measurement accuracy is greatly increased. 
The DS5-5 Scintillation Well Counter is illustra- 
ted here with the 132A Analyzer Computer, which 
combines a precision scaler and gamma-ray spectrom- 


eter in a single compact chassis. They form a system 


of unusual reliability and sensitivity for such clinical 
studies as blood and plasma volume measurements, 
red cell mass and survival studies, diagnosis of 
pernicious anemia, fat digestion and absorption 
studies, etc.* 
We would be pleased to discuss these instruments 


with you. 


nuclear -chicago *“Diagnostic Applications of 


Radioactive Isotopes” explains 
329 E. HOWARD AVE., DES PLAINES, ILL. in detail the procedures for 
performing these studies as 

well as other common radio- 

isotope tests. Please ask us 

for your free copy. 
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blood, plasma or ‘urine samples 


132A ANALYZER COMPUTER 
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Announcing The New Volume 3 
MEDICAL PHYSICS—Glasser 


The broad and significant advances in biophysics indicated the urgent need of a third volume of 
this unique work. Again, Dr. Glasser brings together a large group of distinguished authorities to 
give under one cover a wealth of data not to be found elsewhere. Volume 3 brings the previous 
volumes up to date, at the same time presenting the many new developments not previously covered. 
177 chapters are found in Vol. 3. Illustrations are generously used. 


Editor-in-Chief, OTTO GLASSER, Ph.D.; Head, Dept. of Biophysics, The Cleveland Clinic Foundation. Approx. 750 
pages; illustrated. Approx. $20.00. (Vol. 1, $20.00. Vol. 2, $25.00. Vols. 1, 2, & 3, as a set, $55.00) 


Now Ready, New Vol. 8 of METHODS in MEDICAL RESEARCH covering Life History of the 


Erythrocyte; Measurement of Responses of Involuntary Muscle; Peripheral Blood Flow Measurement. Editor-in-Chief, 
H. Davis Bruner, M.D. 325 pages; illustrated. Ready soon. 


Available from Your Book Store or the Publisher 


THE YEAR BOOK PUBLISHERS, Inc., 200 £. tinois street, Chicago 11, Mlinois 
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January, 1957, Part II $1.50 
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June, 1957, Part II $1.50 

Studies on Influenza in the 1957- 
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in blood in one minute with 


METER 


I. L. Meter currently in use at 


Pp les. 


The I. L. Meter, a chopper stabilized, TRANSISTORIZED 
D.C. amplifier with accompanying bath, has been developed 
to complement the pCO, and pO, electrodes designed by 
Dr. John Severinghaus. The meter assures reliability and 
accuracy up to the full capacity of the electrode system. 


An efficiently designed four-position switch enables fast 
selection of desired electrodes. The same switch permits the 
mercury batteries to be calibrated against a Weston standard 
cell, thus allowing for a check and correction, at any time, 
for the zero drift of the unit. This procedure may be accom- 
plished without changing the balance already attained by a 
standard buffer. An indicator for simple checking of the 
membrane on the pCO, and pO, electrodes is also provided. 


Write for new, free, 
comprehensive brochure. 


See I, L. Meter in operation at Federation Meeting. 


Transistorized 


Insures maximum accuracy 


+.002 pH units 
+.25% pO. 
+.4mm Hg pCO, 


Saves valuable time 
Requires limited space 


Delivers years of 
trouble-free service 


FREE TRIAL PERIOD 
The I: L. Meter is available to 


you on a 10-day trial period 
without cost or obligation. 


I. L. Meter guaranteed for one year. 


Factory trained personnel available 
to service Meter. 
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Books which crystallize today’s avant-garde 
thinking into tomorrow’s practice concepts 


FROM THE BRAIN RESEARCH FOUNDATION 
MOLECULES AND MENTAL HEALTH—Gibbs 


Proceedings and Discussions at the Scientific Conferences of the Brain Research Foundation, January 
and “i Abood, Heath, Elmadjian, Sorel, Garvin, et al. 189 Pages, Illustrated." NEW. 
1959 


STRESS AND CELLULAR FUNCTION—Laborit et al. 


A unified approach to the problems of injury and resuscitation with emphasis on similarities in sys- 
temic reaction to various kinds of injury, their ——a and restoraton of systemic functional 
harmony. 255 Pages, 61 Illustrations. NEW, 1959. $7.5 


ATTENUATED INFECTION: The Germ Theory in Contemporary Per- 
spective—Simon 

A “second look’’ at man’s inability to live with his own microbes, at clinical chemistry and cellular 
physiology, and what’s to be done about attenuated infection. JN ACTIVE PREPARATION. 


METAL BINDING IN MEDICINE—A Study of Chelation—Seven 


The first comprehensive survey on the uses of metal-binding compounds as reported by leading 
clinicians and researchers at a symposium at Hahnemann Medical College, May, 1959. IN ACTIVE 
PREPARATION. 


LIPIDS AND THE STEROID HORMONES IN CLINICAL MEDI- 
CINE—Sunderman & Sunderman 


Proceedings of an Applied Seminar of the Association of Clinical Scientists. Reflects the expansion 
of knowledge and the formulation of new concepts in this important area of investigation. JN 
ACTIVE PREPARATION. 


Order from your book store, or direct from the publisher 


The Journal of Clinical Investigation 
333 Cedar Street New Haven 11, Conn. 
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price 
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supplement 


Vol. 28 (1949) six issues and two 
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Vol. 29 (1950) twelve issues 


Vol. 30 (1951) twelve issues and 
one supplement 


Vol. 31 (1952) twelve issues 
Vol. 32 (1953) twelve issues 
Vol. 33 (1954) twelve issues 


Vol. 36 (1957) twelve issues and 
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Vol. 37 (1958) twelve issues 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN MARCH—(1883)—Science reviews a German paper on the luminosity of 
fireflies and states that, ““The production of light results from the slow oxidation 
of materials formed, under control of the nervous system, by the parenchymal 
cells. The light may continue to shine long after the death of the cells, and there- 
fore is not a property of the living protoplasm as such.”? 


Today it is widely recognized that bioluminescence is a property of “high- 
energy” phosphates. To help researchers throw further light on such phenom- 
ena, Schwarz BioResearch supplies both ATP and firefly lanterns — also ADP 
and AMP. Whether your interest is in studying the role of phosphates in firefly 
signals or in using firefly tails to measure concentration of ATP, you should 
have our latest catalog and price list. 


IN MARCH—(1906) —Because of increasing interest among medical men in the 
therapeutic use of radioactive materials, Berg and Welker” reported information 
they had gathered on the metabolic effects of small doses of radium. Following 
feeding and injection of radium and barium salts in dogs, analyses of excreta 
and organs were performed. The main conclusion reached is that very little, if 
any, metabolic effect can be attributed to radium. 


Medical men are still interested in the therapeutic use of radioactive materials 
and, more recently, in the diagnostic value of radioactive tracers. At Schwarz 
BioResearch, we prepare S**, H*®, and P** compounds, and offer these 
compounds for sale. 


IN MARCH-— (1950) —Hammarsten and Reichard* report on their investigation 
of the question of fundamental differences in the metabolism of free pyrimidines 
and ribose-bound pyrimidine. To start things off, they injected N'>-labeled 
cytidine and uridine into rats. Analysis for N'° was carried out on the bases and 
nucleosides derived from pooled internal organs. It was found that cytidine can 
be utilized by the rat for synthesis of new polynucleotides, but that the utilization 
of uridine for the synthesis of polynucleotide pyrimidines is very low and is not 
very specific. 


Schwarz BioResearch has purines, pyrimidines, and a host of other basic 
biochemicals, with and without radiolabels. Do you have our catalog and 
price list? 

1, ————: Science 1:150 (Mar. 9) 1883. 2. Berg, W. N., and Welker, W. H.: Experiments to determine the 
influence of the bromids of barium and radium on protein metabolism, J. Biol. Chem. 1:371 (Mar.) 1906. 


3. Hammarsten, E., and Reichard, P.: Pyrimidine nucleosides as precursors of pyrimidines and polynucleotides, 
J. Biol. Chem. 183:105 (Mar.) 1950. 
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2 x crystallized, sold as a suspension 
in water. 


a stable, dry powder, salt and cell free. 


1 x crystallized, sterile, lyophilized in 
vials containing 50 and 100 milligrams. 


CRYSTALLINE SOYBEAN TRYPSIN INHIBITOR 
with the final crystallization from dilute ETOH. 
For a complete listing of WORTHINGTON ENZYMES, write: 


WORTHINGTON BIOCHEMICAL CORPORATION | 
FREEHOLD + NEW JERSEY 


RARE and FINE ORGANICS WANTED 


A few of the thousands of rare stock chemicals 


o-AMINOBIPHENYL Back Issues of 
N-ETHYL MALEIMIDE 


d-GLUCURONIC ACID THE JOURNAL OF 
5-HYDROXYINDOLE-3-ACETIC ACID 


IMIDAZOLE ACETIC ACID 
a-KETOISOCAPROIC ACID January, July, (Pt. I), September, 


e-KETOISOVALERIC ACID 
s-MERCAPTOETHYLAMINE through December, 1955 


PHLORETIN 
o-PHTHALALDEHYDE January through December, 1956 


SEROTONIN (Creatinine Sulfate) July and November, 1959 
WRITE FOR emery ts #3 LISTING OVER 12,000 7 5¢ per copy and postage 
alkaloids steroids 

amino acids keto acids sugars 


enzymes Fatty acids purines For particulars write to 
biochem preps peptides carcinogens aia 
The Journal of Clinical 
Investigation 
Business Office 
333 Cedar Street 
New Haven 11, Conn. 
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These compact, portable self-contained 
“bench top” Preamplifiers — as used in 
Sanborn 350M and 550M Recording 
Systems — are now available as separate 
units, to operate oscilloscopes, optical 
recorders, indicating meters. 

Each ‘‘450” unit includes a portable case, 
power supply, and any one of the 
interchangeable 350 Series Preamplifiers 
listed below — for use in laboratory 
monitoring or recording of a wide 
variety of physiologic events. 


VERSATILE, PORTABLE 


“450” SERIES 


RESEARCH PREAMPLIFIERS 


from SAN BORN 


for monitoring and analysis of .. . 


Various gases and dye dilution curves — Model 450-1300A 
BC Coupling 

Low level signals, EEG, small muscle myograms, thermo- 
couple and strain gage outputs — Model 450-1500 Low 
Level 

ECG's, large muscle myograms, ballistocardiograms, etc. — 
Model 450-1600 ECG/General Purpose 

Venous, arterial, intracardiac, respiratory pressures; strain 
gage, displacement, temperature and outputs of other 
transducers — Model 450-1100 Carrier 


Full range heart ds for diagnostic phonocardiograms — 
Model 450-1700 Heart Sound 


Sanborn pressure transducer outputs, particularly in cardiac 
catheterization techniques — Model 450-3000 Medical 
Carrier 


Related Sanborn instruments include the Model 569 Viso- 
Scope oscilloscope, the Model 579 Electronic Switch for 
viewing up to four different traces simultaneously, and the 
Model 559 Vector Timer for vector loop display on the 
Viso-Scope. 


For complete details and application data, contact your local Sanborn Branch Office or write Inquiry Director. 
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SANBORN 


COMPAN Y 


MEDICAL DIVISION 175 Wyman Street, Waltham 54, Mass. 
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V-CILLIN K’produces high levels of antibacterial activity 


Infections resolve rapidly with V-Cillin K. All patients absorb 
this oral penicillin and show therapeutic blood levels with recom- 
mended doses. The high levels of antibacterial activity achieved 
by V-Cillin K offer greater assurance of bactericidal concentra- 
tion in the tissues—a more dependable response. 


Dosage: 125 or 250 mg. three times daily. Supplied as scored 
tablets of 125 and 250 mg. 
also available 


V-Cillin K, Pediatric: A taste treat for young patients. In bottles 
of 40 and 80 cc. Each 5-cc. teaspoonful provides 125 mg. of 
V-Cillin K. 


V-Cillin K® (penicillin V potassium, Lilly) 


ELI LILLY AND COMPANY «+ INDIANAPOLIS 6, INDIANA, U.S.A. 


033222 
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EFFECT OF PREVIOUS STARVATION ON THE RESPONSE OF 
PLASMA LIPIDS AND FREE FATTY ACIDS TO A 
FAT MEAL* 


By MARGARET J. ALBRINK{ anp ROBERT S. NEUWIRTH 


(From the Department of Internal Medicine, Yale University School of Medicine, 
New Haven, Conn.) 


(Submitted for publication July 30, 1959; accepted August 20, 1959) 


Plasma free fatty acids (also variously referred 
to as nonesterified fatty acids and unesterified fatty 
acids) have assumed importance as a small but 
very rapidly metabolized component of serum 
lipids (1, 2). Their derivation from the fat of 
adipose tissue has been demonstrated and may 
represent an important form in which stored fat 
is mobilized, transported and made available for 
fuel during starvation (3). 

The concentration of free fatty acids (FFA) in 
plasma increases during starvation (4), in the 
“metabolic” starvation of diabetic acidosis (5) 
and of hyperthyroidism (6). When an overnight 
fast is terminated by the administration of 50 to 
100 g of carbohydrate, an abrupt fall in concen- 
tration of plasma FFA occurs within one-half hour 
and lasts for several hours, and a similar but less 
marked drop follows a protein meal (1, 2). On 
the other hand, following a fat meal of equal or 
greater caloric value, the FFA either do not change 
appreciably or rise much as they do during a 
similar period of fasting (2, 7). 

The decrease in concentration of FFA appears 
to occur in response to an increase in carbohy- 
drate utilization. The absence of such a drop in 
concentration after a fat meal would seem to indi- 
cate insensitivity of the FFA regulatory system 
to fat or merely the substitution of FFA derived 
from ingested fat for those derived from adi- 
pose fat (3). An alternative possibility is herein 
suggested, namely that relative inefficiency of 
fat metabolism in persons adapted to a high car- 


* Supported (in part) by Grant no. H-3498 C from 
the National Heart Institute, National Institutes of 
Health, Bethesda, Md. 

+ This work was done during tenure of an Established 
Investigatorship of the American Heart Association. 

t Some of the data in this article represent work done 
in fulfillment of the thesis requirement for the degree 
of Doctor of Medicine at Yale University School of 
Medicine. 


bohydrate diet might account for the failure of a 
fat meal to cut off the FFA-mobilizing mecha- 
nism. Any nutritional or metabolic maneuvers 
aimed at increasing fat combustion might alter 
the response of plasma FFA to a fat meal. 

The present study is concerned with the change 
in plasma lipids including FFA when a fat meal 
was administered at the end of a period of starva- 
tion lasting for several days. 


MATERIALS AND METHODS 


The subjects, who were in their twenties and were 
free of known disease, were 6 males, and 2 females. A 
third woman became ill from the effects of the first 24 
hours of starvation and had to be dropped from the 
study. To 6 of the subjects a fat breakfast was given 
after an overnight fast, and again at the end of a period 
of starvation lasting from 2 to 7 days. During the star- 
vation nothing but water was ingested. The subjects 
carried on their usual activities despite the discomforts 
of starvation. 

The breakfast given to 5 of the 6 subjects receiving 
the fat meal consisted of 2 eggs, 28 g butter, and 60 ml 
heavy cream scrambled together. This meal supplies 
60 g of fat, 12 g protein, and no carbohydrate. The 
sixth subject (B. B.) was given the same meal with the 
difference that the egg white was removed, thus elimi- 
nating the small amount of protein present in the 
breakfast. 

In order to compare the effects of the fat breakfast 
with the effects of a carbohydrate meal, two additional 
male subjects were fed, after an overnight fast, 100 ¢g 
of glucose dissolved in 400 ml of water flavored with 
lemon juice. The same amount of giucose was again 
administered after 3 days of starvation. 

At intervals before and after the test meals and in some 
instances during the starvation, blood was drawn from 
an antecubital vein in a heparinized syringe, immediately 
centrifuged at room temperature, and the plasma sepa- 
rated from the cells. An aliquot for FFA determination 
was precipitated in the extraction mixture within one- 
half hour of the venipuncture. 

FFA were determined by the Method of Dole (2), 
using a modified method of standardizing the alkali (8). 
Total fatty acids (9), total cholesterol (10) and lipid 
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TABLE I 


Changes in plasma lipids following a fat meal given after an overnight fast (control) 
and terminating a period of several days’ starvation 


Time after 
Bk* 


hrs 


Control Fasting 
3 


Refeeding on 4th day 


Fasting 
of starvation 3 


Repeat 1 wk later Fasting 
3 


5 
Control Fasting 
3 


Refeeding on 4th day Fasting 
of starvation 3 
5 


Control Fasting 
3 
Refeeding on 8th day Fasting 
of starvation 3 


Control Fasting 
3 


Refeeding on 3rd day 


Fasting 
of starvation 3 


Control Fasting 
3 


Refeeding on 3rd day Fasting 
of starvation 3 


Control Fasting 
3 


5 
Refeeding on 4th day Fasting 
3 


of starvation 
5 


Triglyceride 
Cholesterol Lip. P fatty acids 


mg/100 ml mg/100 ml mEq/L 


S sth 


OFF COS Stow 


wom Whe 


min WOO 81000 
w 


OWN HE 


wie 


Caw 
a Ono 


7. 
8. 
9. 
0. 
9. 
1. 
9. 
0. 
0. 
8. 
8. 
9. 
8 

8 

0. 
1. 
3: 
2 


Coto 
DAMN 


* Bk = breakfast containing 60 g of fat but no carbohydrate. 


phosphorus (11) were determined on a _ chloroform- 
methanol extract. Triglyceride concentration was esti- 
mated by subtracting the fatty acids estimated to be 
combined with cholesterol and phospholipid from the 
total fatty acids. Blood glucose (12) was determined 
in the subjects receiving glucose. 


RESULTS 


Response to fat meal. The results are listed 
in Table I. Three and five hours following the 
control breakfast, the plasma FFA concentration 
increased in all six subjects, and triglyceride con- 


centration increased in five of the six subjects. 
Plasma cholesterol and phospholipid concentra- 
tions did not change consistently. 

In three subjects studied during the course of 
starvation, two of whom are represented in Fig- 
ures 1 and 2, a rise in plasma FFA during the 
first day of starvation was indistinguishable from 
the changes after the fat meal. With continuation 
of starvation there was a definite but not consistent 
afternoon rise, with a drop occurring by the next 
morning. The overall trend was that of a pro- 
gressive increase in plasma FFA concentration. 


Sex FFA 
i M 202 10.4 0.47 oe 
219 1.40 
218 0.40 
211 0.55 
| B. B. 202 0.38 
M 190 0.55 
Grid 
250 2.63 
243 1.79 
R.N. 238 0.41 
M 257 0.48 
275 2.25 
254 1.71 
5 247 
244 
235 
F 193 
5 185 
182 
189 
M.D. 205 0.45 
F 217 0.57 
214 0.57 
712 
252 2.12 
=, 250 1.25 
255 1.13 
4 


STARVATION, PLASMA LIPIDS AND FREE FATTY ACIDS 


On the final morning of starvation, the FFA 
had increased in the plasma of all subjects from 
an initial average concentration of 0.39 mEq per 
L on the control morning to an average of 1.89 
mEq per L (Tables I and II, Figures 1 and 2). 
The highest concentration of 2.7 mEq per L was 
achieved in the subject who had fasted a week 
(R. N.). An increase in cholesterol concentra- 
tion occurred in the plasma of only three of the 
subjects, and in the concentration of triglycerides 
in five. The increases in triglyceride concentra- 
tion were less than 5 mEq per L, and might in 
part represent FFA partially included in the 
chloroform-methanol extract. 

The fat meal which terminated the fast pro- 
duced an opposite effect on plasma FFA concen- 
tration from that of the control meal in five of the 
six subjects: in all but one female subject (J. G.), 
a sharp drop in concentration of FFA occurred 
three and five hours after the fat meal (Table I). 
The subject receiving no protein with his break- 
fast (B. B.) had as marked a drop as the others. 


F FA,mEq/L 
3: 


SUBJECT 8.6. 
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All uniformly reported restitution of energy and 
sense of well-being following the refeeding, with 
disappearance of weakness and fatigue which had 
become prominent during the starvation period. 
In one subject the fat breakfast was repeated one 
week following the termination of starvation 
(A. M.). The FFA response was intermediate 
between the control response and the post-starva- 
tion response. 

Alimentary rise in triglyceride concentration 
was slightly lower following the starvation period 
than in the control period of five of the six sub- 
jects. 

Response to oral glucose. Table II shows the 
slight fall in all lipid components and a marked 
fall in FFA when glucose was given after an 
overnight fast (control). After three days of 
starvation the high concentrations of FFA achieved 
by the fasting fell abruptly following the ingestion 
of glucose, reaching normal concentrations two 
and three hours after the glucose. Slight de- 
crease in the concentration of all serum lipid frac- 


CONTROL DAY OF 


Fic. 1. 


STARVATION 


REFEED 


Susyect B. B., PLASMA FREE FATTY ACIDS BEFORE AND AFTER A CONTROL FAT 


MEAL, DURING A THREE DAY PERIOD OF STARVATION, AND AFTER FEEDING A FAT MEAL AT THE 


CONCLUSION OF THE STARVATION PERIOD. 
taining 60 g of fat but no carbohydrate. 


FFA = free fatty acids; BK = breakfast con- 
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FFA, mEq/L 


20r 


SUBJECT A.M. f 


I 2 3 
CONTROL DAY OF STARVATION REFEED 


Fic. 2. Susyect A. M., PLASMA FREE FATTY ACIDS BEFORE AND AFTER A CONTROL FAT MEAL, DURING A 
THREE DAY PERIOD OF STARVATION, AND AFTER FEEDING A FAT MEAL AT THE CONCLUSION OF THE STARVATION 
PERIOD. 


tions occurred in response to glucose. In con- day. Despite the profound response of FFA to 
trast to the normal glucose tolerance curves of the glucose refeeding, the subjects did not experience 
control day, both subjects displayed markedly a sense of well-being such as that reported by the 
diabetic types of tolerance curves on the refeeding subjects refed with the fat meal. 


TABLE II 


Changes in plasma lipids and blood sugar following 100 g oral glucose given after an overnight fast 
(control), and terminating a period of three days’ starvation 


Subject Time after Triglyceride 
Sex glucose Cholesterol Lip. P fatty acids FFA Blood sugar 


hrs mg/100 mi mg/100 mi mEq/L mEq/L mg/100 ml 
W. P. Control Fasting 161 6.7 1.7 0.34 87 
M 1 156 6.5 1.9 0.21 106 ‘ 
2 158 6.6 1.7 0.18 83 
3 150 6.1 1.4 0.18 83 
5 0.63 93 
Refeeding on Fasting 180 8.0 3.7 0.94 66 
4th day of 1 165 Fi 2.8 0.59 155 ? 
starvation ie 165 7.2 3.2 0.34 157 
5 148 £4 1.0 0.25 109 
5 169 7.5 1.7 0.64 59 
D. H. Control Fasting 138 6.6 0.9 0.41 82 
M 1 129 6.3 L.2 0.17 121 
2 135 6.4 0.5 0.11 79 
3 129 5.5 0.6 0.11 74 
5 132 6.4 1.2 0.70 62 
Refeeding on Fasting 177 7.9 10.7 2.91 52 
4th day of 1 155 7.1 8.2 1.20 186 
starvation 2 156 7.0 7.1 0.49 212 
3 154 6.9 6.9 0.43 216 
5 161 6.8 6.9 0.99 110 
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DISCUSSION 


The abrupt fall in concentration of plasma 
FFA when a two to seven day fast is terminated 
by feeding a fat meal is compatible with the hy- 
pothesis that fat metabolism becomes more effi- 
cient during a period of starvation. This drop 
is in sharp contrast to the lack of response or even 
rise in FFA concentration when a fat meal fol- 
lows a fast of only a few hours or overnight. 
Evidence currently available supports the theory 
that a rise in plasma FFA concentration repre- 
sents mobilization of fat from adipose tissue in 
response to a caloric deficit (3). Conversely, a 
decrease in FFA concentration signals caloric 
satisfaction from exogenous sources with con- 
comitant cessation of delivery of FFA to plasma 
from adipose tissue. Prior to the present study, 
only maneuvers which either directly or indirectly 
increase carbohydrate combustion have been 
found to “cut off” the release of FFA (3). The 


failure of a fat meal to produce a fall in plasma 
FFA concentration under normal circumstances 
may very well mean that fat alone does not, un- 
der these circumstances, provide caloric satis- 


faction. Following the adaptive changes of star- 
vation, a fat meal evidently does provide caloric 
satisfaction. The failure of one of the two women 
in the study to make this adaptation might stem 
from her sex, her tendency to obesity, or from 
the brevity of her period of starvation (two days). 
The decreased alimentary lipemia of all but one 
subject might be another manifestation of in- 
creased fat metabolism, although delayed gastric 
emptying and slow intestinal absorption cannot be 
ruled out. 

The possible mechanisms whereby starvation 
increases the efficacy of fat as fuel are worthy of 
some consideration. Since a greater portion of 
administered fat is oxidized in briefly starved 
than in carbohydrate-fed animals (13), it stands 
to reason that after prolonged starvation, adminis- 
tered fat would be even more completely oxidized 
with a resultant increase in metabolic rate. If the 
FFA releasing mechanism responds in some way 
to energy balance rather than to some specific as- 
pect of carbohydrate metabolism, the effect of 
refeeding a fat meal might cut off the mobilization 
of FFA from adipose tissue. 

As an alternative explanation for the fall in 
FFA concentration, the feeding of fat might, by 
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stimulating fat combustion, actually increase the 
removal rate of FFA from plasma without neces- 
sarily influencing the release of FFA from adipose 
tissue. Although changes in FFA concentration 
are believed to be entirely due to changes in their 
rate of release from adipose tissue, Bragdon and 
Gordon (13) have shown that nutritional status 
affects the removal rate of FFA and chylomierons 
differently in different organs. Fat feeding after 
starvation might, by greatly stimulating fat com- 
bustion, have a sufficiently profound effect on 
the removal rate by some organ or organs to 
cause an increase in the overall disappearance 
rate of FFA. 

Inherent to both of these possibilities and con- 
sistent with the striking sense of well-being re- 
ported by subjects refed with the fat meal is the 
assumption that fat fed after a period of fasting 
is more completely oxidized than fat fed after 
only an overnight fast. The adaptive changes 
occmrring in response to starvation are only par- 
tially understood. The overall changes of star- 
vation may be summarized as a conservation of 
carbohydrate and protein, and an increased facility 
in the combustion of fat (14). The rising con- 
centrations of cholesterol and triglycerides (15) 
and FFA (4) during starvation reflect the in- 
creased transport and metabolism of fat. These 
changes are associated with enzymatic alterations 
(16, 17), and are probably under hormonal con- 
trol (18-21). <A similar metabolic change oc- 
curs in animals adapted to a high fat, low carbo- 
hydrate diet, and animals so adapted survive 
starvation longer and with less ketosis than those 
adapted to a high carbohydrate diet (22). It 
would seem reasonable to expect that the con- 
verse would also hold true, that a period of 
starvation would facilitate adaptation to a high 
fat, low carbohydrate diet. The present study 
offers evidence that such is the case. Studies of 
the hormonal changes of one of the subjects in 
the present paper will be reported separately 
(21). The beneficial effect of fasting and of 
carbohydrate restriction on the ketosis and lipemia 
of diabetics was well known before the insulin 
era (23, 24). A lesser degree of ketosis on the 
last of repeated episodes of starvation in humans 
(25) may indicate a similar increased efficiency 
of fat combustion. An inverse relationship be- 
tween carbohydrate and fat metabolism is present 
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in many physiological and pathological conditions 
(26). 
SUMMARY 


When six normal subjects who had fasted over- 
night were fed a meal containing 60 g of fat but 
no carbohydrate, the plasma FFA _ increased 
slightly but consistently in all subjects within five 
hours after the meal. 

A period of starvation of from two to seven 
days’ duration caused an increase in plasma FFA 
concentration from an average of 0.38 after an 
overnight fast to an average of 1.85 mEq per L 
at the end of the fast. Variable increases in con- 
centration of serum cholesterol and triglyceride 
were also noted. 

A meal identical in composition to the control 
meal was given as the first meal terminating the 
starvation. In contrast to the control meal, this 


meal was followed by an abrupt decrease in the 
elevated concentrations of plasma FFA for five 
of the six subjects. 

The present study thus reports a marked fall 
in FFA when a fat meal follows a period of 


starvation. This is in contrast to the small al- 
terations in FFA following a fat meal after usual 
alimentation, and is a manifestation of the adap- 
tive changes occurring during starvation and in- 
dicative of increased efficiency of fat metabolism. 
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NORLEUCINE * 


By ARTHUR I. GRAYZEL, J. E. SEEGMILLER ano ETHEL LOVE 


(From the National Institute of Arthritis and Metabolic Diseases, National Institutes of 
Health, Bethesda, Md.) 


(Submitted for publication September 23, 1959; accepted October 30, 1959) 


A substantial number of patients with gout has 
been shown to produce excessive amounts of uric 
acid (1-4). This overproduction has been dem- 
onstrated by the excretion of greater than normal 
amounts of uric acid in the urine, or an excessive 
incorporation of isotopically labeled glycine into 
urinary uric acid. The present day treatment of 
tophaceous gout consists primarily in the ad- 
ministration of uricosuric agents to increase the 
renal excretion of the uric acid formed, with use 
of colchicine, ACTH gel, or phenylbutazone for 
management of the acute attacks. Control of the 
production of uric acid has been of necessity con- 
fined to limiting the purine and protein content 
of the diet (5). 

A logical approach to the treatment of those 
patients who overproduce uric acid would be to 
inhibit the excessive production by pharmacologic 
agents. In recent years several compounds have 
been reported to interfere with purine biosyn- 
thesis. Two such compounds, azaserine (o0-diazo- 
acetyl-L-serine) and 6-diazo-5-oxo-L-norleucine 
(DON), have been shown to suppress the forma- 
tion of purines in bacteria (6), and Krakoff and 
Karnofsky have shown that DON inhibits uric 
acid production in the pigeon (7). Both com- 
pounds are structural analogs of glutamine (see 
Figure 1) and both have been used in the human 
as potential chemotherapeutic agents against can- 
cer (8,9). Using partially purified enzyme sys- 
tems, Levenberg, Melnick and Buchanan (10) 
demonstrated that these agents do indeed prevent 
the synthesis of inosinic acid by blocking the 
utilization of glutamine in the enzymatic con- 
version of formylglycinamide ribotide to formyl- 
glycinamidine ribotide (Figure 2). DON was 
found to be the more potent inhibitor of the en- 
zyme system, requiring only 0.025 the concentra- 


* A preliminary report of this work has been published 
in abstract form (J. clin. Invest. 1959, 38, 1008). 


tion of azaserine to obtain the same degree of in- 
hibition. Although glutamine is also required 
in the first step in purine biosynthesis, these 
agents are less effective inhibitors of this earlier 
reaction. Zuckerman, Drell and Levin (11) have 
shown that azaserine reduced the incorporation of 
glycine-1-C1* into urinary uric acid in gouty hu- 
mans, but did not alter either the serum urate 
levels or the urinary excretion of uric acid. The 
purpose of our study was to observe the effect 
of the administration of DON on uric acid produc- 
tion in gouty patients, as measured by changes in 
the serum urate levels and urinary excretion of 
uric acid, and by the incorporation of glycine-1-C** 


into urinary uric acid. 


METHODS 


Six male patients with gout and one with urate renal 
lithiasis and essential hyperuricemia were studied during 
hospitalization. They were all maintained on a standard 
2,600 calorie, 70 g protein diet, essentially free of purines. 


AZASERINE 
(o-diazoacetyl-L-serine) 


GLUTAMINE 


DON, AZASERINE AND GLUTAMINE, SHOWING 
STRUCTURAL RELATIONSHIPS. 
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Glutomine 


COOH 
a@-N-Formyiglycinamide ribotide Fi lyci idine ribotide 5-aminoimidazole ribotide 5 amino-4-imidazole-N i 
FGAR (AIR) carboxamide ribotide 


Nu —H20 
/ 
Ye 
idazole-carb ide ribotide 5-Formamide 4-imidazole-carboxamide-ribotide Inosinic Acid 
(AIC-ribotide) (formyl AiC-ribotide) (Hypoxanthine ribotide) 


Fic. 2. PATHWAY FOR THE BIOSYNTHESIS OF URIC ACID. Asterisk indicates the enzyme that is inhibited by DON. 


At least five days were allowed for equilibration before therapy National Service Center was freshly made up 
studies were begun. Daily 24 hour urine collections were in solution at the beginning of each study and stored in 
preserved with toluene at room temperature. The uric the frozen state. It was given by the intramuscular 
acid determinations of both urine and serum were made route, either 10 mg daily or in divided doses of 2.5 or 5 
by means of an enzymatic spectrophotometric assay (12). mg every six hours. Isotopically labeled compounds were 
Urinary creatinine was determined by the method of administered on the third day of DON therapy immedi- 
Taussky (13). DON. provided by the Cancer Chemo- ately following DON injection. Glycine-1-C* (obtained 


TABLE I 
Serum urate levels and 24 hour urinary uric acid excretion in patients receiving 6-diazo-5-oxo-L-norleucine (DON) 


Serum urate 


Average of 2 Excretion of uric acid 
days prior to Lowest - 
administra- while Before DON Lowest while 
Dose of DON tion of receiving (average of receiving 
Patient Diagnosis per day DON DON 3 days) DON 


mg/100 ml = mg/100 ml mg/24 hr mg/24 hr 

Essential 10 mg 9.5 6.5 1,280 730 

hyperuricemia 

and renal urate 

lithiasis 
Tophaceous gout 10 mg 
Tophaceous gout 20 mg 

in divided 
doses 

Tophaceous gout 5 mg 
Gout 5 mg 
Gout 10 mg 


Tophaceous gout 10 mg 


NH. 
2 
5 Phosphoribosyl-i-pyrophosphate 5-Phosphoribosyl-l-amine Glycinamide ribotide 
ate PP-RP (GAR) 
~ 
/ 
Formyl” |“ Glutamine | I ATP —N 
= 
Other 
Purines 
- \ 
Samino-4-i 
“4 
4 
yrs 
r. B. 39 
R. J. 41 ae 
N. M. 49 
J.s. 53 
A. H. 48 7.5 6.9 494 417 


DON SUPPRESSION OF URATE SYNTHESIS 


T T T 
Patient R.J. 41, Wo" 
5mg. 
a DON 25mg. Q6h. 
1Omg./doy qQé6h. 


mg./24HOURS mg./24HOURS 


Patient T.B.,39,Wo" 


SerumUric Acid oom 


10 mg./doy 


WM 
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WwW 
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mg./24 HOURS 


10 1S 20 25 30 


DAYS 


Fic. 3. THe eFrrFect 0F DON ON SERUM URATE LEVELS 
AND URINARY URIC ACID EXCRETION. 


mg./24 HOURS 


from Tracerlab Company of Boston), with a specific 
activity of 1.33 mc per mmole, was given orally in a 
dose of 5 we with the breakfast milk. Simultaneously, 
36 mg of uric acid N”, containing 28.6 atom per cent 
excess of N*, was administered intravenously as the 
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lithium salt to measure the urate pool and to allow cor- 
rections to be made for altered dynamics of this pool 
(14).1. The glycine pool, contributing to hippuric acid, 
was sampled by administering 450 mg of sodium benzoate 
intravenously, collecting urine for a two hour period 
immediately following the injection, and isolating hip- 
puric acid from the specimen. Such sampling was done 
six hours after the initial administration of glycine-1-C™ 
and during the first two hours of the collection period 
on the succeeding second, third, fifth and seventh days. 
A period of at least three months was allowed between 
control and DON studies to allow for elimination of 
most of the C* and correction was made for residual C™. 
Hippuric acid was isolated by extraction with ether and 
recrystallization from hot water (15). Urinary cre- 
atinine, as the double zinc salt (16), was isolated from 
urine. Uric acid was isolated from aliquots of urine 
by adsorption on activated charcoal (17), or by pre- 
liminary precipitation as a copper salt when urine vol- 
umes exceeded 1,500 ml per day (18). Radioactivity 
was determined using an end-window gas flow counter 
(Nuclear, Chicago) from planchets plated at infinite 
thickness with sufficient time for counting to produce 
an error of not more than 3 per cent. The N”™ content 
of uric acid was determined in a Consolidated-Nier mass 
spectrometer following preliminary digestion (19). 


RESULTS 


The effect of the administration of DON on 
the serum urate levels, and on the 24-hour urinary 
uric acid excretion values in the two patients who 
demonstrated the greatest response to DON, are 
shown in Figure 3. The results obtained in all 
patients are presented in Table I. Even though 
the data in this table are presented in a manner 
that would emphasize small differences, i.e., by 
comparing the average of several days during the 
pretreatment period with the lowest values ob- 
tained during treatment, the differences are not 
great. In four patients the difference in urinary 
uric acid excretion was of the order of 20 per cent. 
Two patients showed a slight increase in serum 
urate levels during DON therapy. These two 
patients both had tophaceous gout and the in- 
creased miscible urate pool may have prevented 
the decline of their serum urate levels and urinary 
uric acid excretion which might otherwise have 
resulted from a decrease in urate production. 

A more sensitive index of purine biosynthesis 
is provided by the incorporation of glycine-1-C** 


1 We are indebted to Miss Jean Benedict for providing 
the uric acid-1,3-N”™. 
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DON SUPPRESSION OF URATE SYNTHESIS 


TABLE II 


Suppression of uric acid synthesis from glycine-1-C* by DON 


Per cent recovery of administered isotope in urinary uric acid in 7 days 


Glycine-1-C* 


Uric acid N15 


C* corrected for Effect of 
recovery of N15 DON 


(a) 


Patient Control 


Control 


Per cent 
of control 
incorporation 


(b) (a/b X 100) 


Control DON 


0.2 77.2 
0.99 80.6 
0.30 


*No N!5 urate administered. 


into urinary uric acid. Figure 4 shows the effect 
of DON therapy on the specific activity of C* 
in urinary uric acid; Figure 5 shows the cumula- 
tive incorporation of C** into urinary uric acid in 
three patients. From Table II it is apparent that 
Patients W. M. and F. J., who failed to show a 
decline in serum urate during therapy, neverthe- 
less showed a substantially decreased incorpora- 
tion of glycine-1-C** into uric acid indicative of 
a depressed purine biosynthesis accompanying 
DON therapy. 

In two of these patients corrections were made 
for the dynamics of the urate pool, as evidenced 


TABLE III 
Toxic manifestations in patients receiving DON 


Dose of Dura- 
DON tion 


Patient Toxic manifestations 


mg/day days 


FB. 10 5 Erosions of oral mucosa on day 5 


of therapy 


W. M. 10 5 Erosions of oral mucosa on day 5 


of therapy 


x fF. 10 5 Erosions of oral mucosa on day 3 
of higher dose 

Asymptomatic duodenal ulcer dem- 
onstrated by X-ray 

(Films taken at another hospital 2 
months previously showed a de- 


formed duodenum) 


20 


None 


Erosions of oral mucosa on day 5 
of higher dose 

Asymptomatic duodenal ulcer dem- 
onstrated on X-ray 


Erosions of oral mucosa on day 6 
Negative upper GI X-ray 


Shallow erosion of tip of tongue on 


y 
Negative upper GI X-ray 


0.35 
0.84 


24 
68 
17 


1.44 
1.23 


by the recovery of injected uric acid N* in uri- 
nary uric acid (Table II). By seven days the 
enrichment of urinary uric acid with N*® in each 
study had declined in a logarithmic manner to 
values approximating 1.0 per cent of those ob- 
served on the first day, except in Patient W. M., 
in whom the value was 5 per cent. The fraction 
of N** not recovered in urinary uric acid repre- 
sents urate removed from the body pool by means 
other than renal excretion. These would include 
deposition in tophi, losses via perspiration and 
gastrointestinal uricolysis. Thus, an estimation 
can be made of the amount of C** actually de- 
livered to the body’s urate pool which did not 
appear as urinary uric acid. Such a corrected fig- 
ure represents the best approximation of the ex- 
tent of purine synthesis de novo. In Patient 
T. B., who received 10 mg of DON per day, the 
corrected cumulative incorporation was reduced 
to 24 per cent of the control value. In Patient 
F. J., 5 mg of DON per day resulted in a reduc- 
tion to 68 per cent of the control value. The 
specific activity of the glycine pools sampled by 
hippuric acid and by creatinine was not signifi- 
cantly altered following DON administration. 
The toxic effects consisting of a sore mouth, 
occasionally with evidence of shallow erosions of 
the mucous membrane of the under lip, were ob- 
served at the end of five days in five patients 
(Table III). Two patients who received DON 
for 14 and 7 days, respectively, developed asymp- 
tomatic duodenal ulcers which healed promptly 
on medical therapy once the DON was stopped. 
One patient, F. J., had no symptoms on a dose 
of 5 mg per day, although there was an effect on 
his incorporation of glycine into urinary uric 


: 
451 
T. B. 75.2 
aa F. J. 72.8 
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acid. No depression of the formed elements of the 
blood, changes in liver function, including the 
serum glutamic-oxalacetic transaminase level, ab- 
normalities of the urinary sediment, or occult 
blood in the stools were noted. 


DISCUSSION 


DON had a marked effect on purine biosyn- 
thesis in the human, as shown by a substantial 
reduction in the incorporation of glycine-1-C** 
into urinary uric acid in all three patients studied. 
Such findings are consistent with the interpreta- 
tion that DON exerts an effect in vivo in the 
human similar to the effect observed in other bio- 
logical systems. Presumably, such effects result 
from its action in blocking the enzymatic con- 
version of formylglycinamide ribotide to formyl- 
glycinamidine ribotide. That DON has an effect 
on other glutamine-requiring reactions (20) 
leaves open the possibility that other, more specific 
inhibitors of purine biosynthesis may be found 
having fewer undesirable side effects. 

DON administration failed to affect signifi- 


cantly the specific activity of the glycine pool 
sampled by hippuric acid and by creatinine. This 
is evidence that absorption of glycine-1-C** from 
the intestine was unaffected by DON, and fur- 
ther supports the view that the action of DON, 
in the dosage used in this study, is primarily a 


suppression of purine synthesis. The failure of 
balance studies to demonstrate a marked reduc- 
tion in serum urate levels or urinary uric acid ex- 
cretion in five of the seven patients studied has 
several possible explanations. With the short pe- 
riods of drug administration and the presence of a 
large miscible urate pool, a balance study may fail 
to reflect brief changes in uric acid synthesis be- 
cause of the dampening effect of such a pool. 
The failure to obtain any decrease in serum urate 
levels in Patients R. J. and W. N., despite a 
substantial suppression of purine biosynthesis, as 
shown by reduced glycine incorporation, might be 
explained by the fact that these two patients had 
the largest tophaceous deposits of all the patients 
studied. Another possible explanation may be 
related to the relatively short half-life of DON 
in the blood (approximately three to four hours 
following its intramuscular administration) (9). 
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Thus, maximal effects of DON were obtained at 
a time when glycine-1-C’* in the body had its 
highest specific activity. A compensatory over- 
production of uric acid during the remainder of 
the day may have masked such a suppression at a 
gross level. 

Upon discontinuing DON therapy, the serum 
urate showed a rebound, similar to that shown in 
Figure 3 (Patient R. J.), to values higher than 
those of the control period in five of the seven 
patients studied. Such transient elevations may 
well be related to the operation of a homeostatic 
control of purine synthesis (21, 22) similar to 
that described for pyrimidine synthesis in bac- 
teria (23). A derangement of such homeostatic 
control can be produced by the drug 2-ethylamino- 
1,3,4-thiadiazole (24, 25). A constitutional de- 
rangement in such a controlling mechanism has 
been proposed to account for the increased uric 
acid synthesis seen in some cases of gout. A sup- 
pression of purine biosynthesis has also been pro- 
duced by administering 4-amino-5-imidazolecar- 
boxamide (21). This substance, however, is it- 
self converted to uric acid and so is of no value 
in treatment of the excessive production of uric 
acid seen in gout. 

A considerable variability in responsiveness of 
different patients to a given dose of DON makes 
evaluation of its therapeutic index difficult. DON 
given for five days at a dose of 5 mg per day to 
Patient F. J. had no untoward side effects. The 
same dose continued for nine days in the second 
patient, N. M., again produced no untoward side 
effects, but when the dose was increased to 10 mg 
per day, an asymptomatic duodenal ulcer devel- 
oped after five days. Although DON adminis- 
tered in higher doses as chemotherapy for cancer 
results in a significant incidence of leukopenia, 
thrombocytopenia, nausea and vomiting (9), no 
such toxic effects were observed during this study. 
The relatively high incidence of oral toxicity and 
peptic ulceration, even at relatively low doses, 
makes the use of DON imprudent in managing 
patients who overproduce uric acid. This ap- 
proach, however, of reducing excessive uric acid 
production by means of inhibitors of purine bio- 
synthesis appears to be possible, and warrants a 
further search for a more specific inhibitor with 
a more favorable therapeutic index. 
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SUMMARY 


DON (6-diazo-5-oxo-L-norleucine) has been 
administered to six gouty patients and to one pa- 
tion with renal urate lithiasis and essential hyper- 
uricemia. 1) Studies performed on three patients 
demonstrated that DON suppressed the incor- 
poration of glycine-1-C** into urinary uric acid. 
2) Balance studies demonstrated that in two pa- 
tients there was a significant decrease in serum 
urate levels and 24-hour urinary uric acid excre- 
tion following the administration of DON. 3) 
From the above studies, it is concluded that DON 
suppresses uric acid biosynthesis, but such sup- 
pression is not always reflected in a short-term bal- 
ance study, especially in the presence of an ex- 
panded urate pool. 4) The use of pharmacologic 
agents to suppress synthesis in those gouty pa- 
tients who overproduce uric acid represents a 
new and rational approach to their therapy. The 
high incidence of side effects following DON ad- 
ministration prevents the practical use of this par- 
ticular drug. 
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SERUM LIPID AND LIPOPROTEIN ALTERATIONS IN 
NEPHROSIS 


By JAMES H. BAXTER, HOWARD C. GOODMAN anv RICHARD J. HAVEL 


(From the Laboratory of Cellular Physiology and Metabolism, National Heart Institute, 
Bethesda, Md.) 


(Submitted for publication September 15, 1959; accepted October 30, 1959) 


When nephrosis was recognized as a clinical 
entity, an increased concentration of serum cho- 
lesterol was observed to be a consistent feature of 
the syndrome (1). Later it was found that phos- 
pholipid and triglyceride also are increased in 
nephrosis (2-5). 

The increase in serum lipids in nephrosis is 
usually greatest in the cases with the lowest levels 
of serum albumin. It has not been established 
conclusively, however, that the hyperlipidemia is 
caused by hypoalbuminemia, and irregularities in 
the relationship between levels of serum lipids 
and serum albumin have been pointed out re- 
peatedly (2-5). 

After it was recognized that lipids exist in the 
serum in the form of lipoprotein macromolecules, 
techniques developed for the separation and char- 
acterization of proteins were applied to studies 
of lipoproteins. An abnormal distribution of cho- 
lesterol among the serum protein fractions pre- 
cipitated by alcohol was found by Barr, Russ and 
Eder (6) in cases of nephrosis. Kunkel and 
Slater (7) observed an abnormal pattern of serum 
lipoproteins by zone electrophoresis—in part a 
result of increased quantities of unesterified fatty 
acid bound to the lipoproteins (8)—in nephrosis. 
Gofman, Rubin, McGinley and Jones (9) noted 
in nephrotic subjects that all classes of lipo- 
proteins studied by them in the analytical ultra- 
centrifuge (S¢ 0 to 400) were increased. 

In the present study lipoprotein fractions of 
sera from patients with nephrosis were isolated 
by the technique of ultracentrifugation at various 
densities and analyzed for lipids and protein. 
Levels of .individual serum lipids are correlated 
with lipoprotein pattern, and also with serum 
lactescence and serum albumin concentration. It 
is emphasized that lipoprotein patterns of different 
sera may differ greatly even when serum cho- 
lesterol levels are the same. 


METHODS 


Subjects. Forty-four hospitalized patients with nephro- 
sis or the nephrotic syndrome were studied. In a ma- 
jority of cases the disease was considered to be idio- 
pathic. There was one case of systemic lupus erythema- 
tosus (N.G.) and one of primary amyloidosis with renal 
involvement (M.K.). Symptoms of nephrosis in dif- 
ferent cases ranged from severe to mild. Clinical fea- 
tures of many of the cases have been described in detail 
elsewhere (10). Most of the patients were ambulatory 
and were taking food satisfactorily. Sera obtained 
during periods of severe complications, experimental 
procedures, or therapy (other than sodium restriction 
and symptomatic care) were excluded. Likewise, sera 
obtained soon after admission to the hospital or soon 
after a change in clinical condition of the patient were 
excluded if the results were shown by repeated subse- 
quent analyses to be aberrant. Results of analyses of 2 
or 3 similar sera from the same patient are included in 
the tables in some instances but mean values for these 
duplicate sera are used in the charts and calculations. 
In the case of almost one-half of the patients, 2 or oc- 
casionally 3 dissimilar sera obtained in different stages 
of the disease, sometimes before and after complete or 
partial remissions, are included and counted individually. 
In a majority of cases the serum albumin and cholesterol 
levels which are recorded were shown by serial deter- 
minations to be approximately steady state values. Re- 
peated determinations of the other lipids also were made 
in more than one-half of the cases. 

Blood samples and analytical procedures. Blood speci- 
mens were taken by venipuncture about 7:30 a.m. after 
an overnight fast. Analyses of whole sera for lipids 
were made by methods previously employed in this 
laboratory (11, 12), using ethanol-acetone for extraction 
of lipids in the analyses done prior to 1956 and chloro- 
form-methanol (13) in the more recent analyses. Total 
lipid was determined by the method of Bragdon (14), 
free and total cholesterol by the Schoenheimer-Sperry 
method (15), and lipid phosphorus by a modification of 
the method of Stewart and Hendry (16). Phospholipid 
was calculated as lipid phosphorus times 25. Triglyceride 
was calculated by difference (14), with a correction for 
interference by nonlipid substances in cases of extracts 
made with ethanol-acetone (13). Serum albumin was 
determined by a modification of the dye interaction 


455 


wine 
3 
: 
i 
: 
: 
4 
af 
4 
i 
i 
i 


JAMES H. BAXTER, HOWARD C. GOODMAN AND RICHARD J. HAVEL 


TABLE I 
Serum lipoprotein fractions studied 


Electrophoretic 
mobility 
(starch) 


Density Lipoprotein fraction 


<1.019 


Very low density 
Globulin 


S; > 10 
> 17 
10-17 


Low density 
S; 0-10 


High density 


<1.006 
1.006—-1.019 
1.019-1.063 


Bi 
Globulin 


1.063-—1.21 a) 
Globulin 
Residual serum components including pro- 
teins, unesterified fatty acid (bound to al- 
bumin), and a phosphorus-containing§sub- 
stance soluble in ethanol-acetone. i 


>1.21 


method of Rutstein, Ingenito and Reynolds (17), and 
checked in some cases by electrophoresis. 

Lipoprotein fractions of the sera were isolated by 
preparative ultracentrifugation at various densities fol- 
lowed by separation of the supernatant from the infra- 
natant material by slicing of the tubes (18). For this 
purpose 5 ml aliquots of sera were adjusted successively 
to densities of 1.019, 1.063, and 1.21 by addition of solu- 
tions of sodium chloride and potassium bromide and 
centrifuged at 105,000 x G at 15° C in the no. 40 rotor of 
a Model L Spinco ultracentrifuge for 18, 24, and 48 
hours successively (11, 12). In some cases an addi- 
tional (initial) fractionation at density of 1.006 (D 
1.006) was made, after dilution of the sera with 0.15 M 
sodium chloride solution. The equivalent fractions ob- 
tained by other methods are shown in Table I. Protein 
was determined directly or after extraction of the frac- 
tions with ethanol-acetone by a biuret method (19) or 
by the method of Lowry, Rosenbrough, Farr and Randall 
(20). Lipids in the fractions were determined as de- 
scribed above for whole serum. The recoveries of cho- 
lesterol and phospholipid in the lipoprotein fractions 
averaged about 95 per cent of the quantities in the origi- 
nal sera. Triglyceride values for the D 1.019-1.063 and 
D 1.063-1.21 fractions are not shown but may be cal- 


culated approximately by assuming, respectively, that, 


25 and 17 per cent of total cholesterol was free. 

The lipids and lipoprotein fractions in sera of normal 
young adults have been studied previously using the 
methods employed in this study (11-13). These normal 
values are utilized as a standard of reference for the 
present results. Ages of the patients varied but the 
abnormalities in lipid values were so great that normal 
variations with age were relatively unimportant. 


RESULTS 
Serum lipids 


The sera are divided into two categories on the 
basis of total cholesterol (TC) concentration: 


Category A with definitely increased lipids (TC > 
350 mg per 100 ml), and Category B with normal 
or only slightly increased lipids (TC < 300 mg 
per 100 ml). Results of analyses of sera of Cate- 
gory A are shown in Table II. Except for minor 
rearrangements in order to place together similar 
(duplicate) sera from the same patients, the sera 
are listed in order of decreasing concentrations of 
triglyceride. In listing the sera in this manner 
they are also arranged approximately in order of 
decreasing lactescence. For convenience of dis- 
cussion, the sera of Category A are subdivided 
into four successive groups (Groups 1, 2, 3 and 
4). The description of the lipid and lipoprotein 
abnormalities which follows is based principally on 
observations on these sera. 

The results of analyses of sera of Category B— 
those with normal or slightly increased lipids— 
are shown in Table III. Some of these sera were 
obtained from patients with proteinuria of mod- 
erate degree (Group 5) and others were taken 
during periods of partial or complete remission of 
the disease with little or no proteinuria (Group 
6). These slightly abnormal sera are included 
to complete the picture of the lipid alterations in 
nephrosis and to extend the range over which 
values of serum lipids and serum albumin may be 
correlated. The division of all the sera of the 
study into categories and groups is shown graphi- 
cally in Figure 1, and mean results of analyses of 
the sera of the various groups are presented as 
multiples of normal values (11, 12) in Figure 2. 

Total cholesterol concentration as already noted 
was above 350 mg per 100 ml in all sera of Cate- 
gory A. Mean TC was greatest in Group 1 and 
prog -essively less in the other groups. The range 
of values in all groups of Category A overlapped, 
however, and mean values for Groups 2, 3 and 
4 were not greatly different. Free cholesterol 
(FC) in all sera was increased at least in pro- 
portion to the increase in TC, and in the lactescent 
sera a greater than normal fraction of total cho- 
lesterol was free. Phospholipid (PL) was in- 
creased whenever TC was increased but to a lesser 
degree; the ratios of TC/PL were greater than 
normal in all sera with increased lipids and were 
greatest in the sera with the greatest concentra- 
tions of TC (Figure 3). Values of TC/PL were 
correlated on average with the degree of lactes- 
cence of the sera but the relationship was in- 
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TABLE II 
Data on sera of Category A, with total cholesterol greater than 350 mg per 100 ml 


Se A d 
=. Patient = Date TC PL* TG* TL* FC/TC TC/PL TC/TG Albumin 


mg/100 ml g/100 ml 
Approx. normal values for young adults 179 226 100 0.25 0.79 1.8 4.0 


Group 1 (very lactescent) 
11/15/54 677 620 
10/12/54 1,058 1,064 
2/15/55 1,522 942 
2/25/55 1,234 785 
Tf 878 671 
6/12/57 774 650 
2/15/56 1,174 848 
7/29/55 1,293 968 
1,112 841 


Group 2 (lactescent) 
4/ 1/58 1,204 
4/ 7/58 1,151 
7/21/58 
7/24/58 
2/10/59 
3/11/58 
2/24/58 
7/22/57 
7/10/57 
7/20/57 
7/17/58 
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Group 3 (slightly lactescent) 
2/15/56 
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K. 
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2/24/54 
2/26/58 
3/21/57 
3/25/57 
2/15/56 
6/27/55 
2/10/54 
4/ 5/57 
5/23/56 
2/ 4/54 
1/25/54 
4/ 9/57 
8/22/56 
6/26/58 
5/18/55 
4/20/55 
10/23/57 
10/29/58 
7/ 3/56 
8/16/55 378 
Mean 404 


*TC = total cholesterol; PL = phospholipid; TG = triglyceride; TL = total lipid. 
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16 
18 
19 

Mea 7 
21 2/ 6/55 588 497 570 1,955 
Buhle 22 10/ 3/57 703 537 551 2,140 

es 23 9/ 9/58 427 379 485 1,494 
se 24 2/25/55 857 691 480 2,443 
25 3/12/57 710 602 432 2,106 

26 2/28/55 682 592 390 2,021 

27 7/10/56 369 353 427 1,330 
28 5/12/58 502 462 414 1,630 
ee 29 2/15/56 556 475 409 1,722 

ae 30 11/25/54 471 419 400 1,424 
31 9/16/58 430 404 386 
32 3/ 1/58 409 347 370 1,335 
33 3/13/56 566° 481 348 1,616 
34 1/7/38 590 477 331 1,695 

eons 35 2/24/58 378 377 324 1,269 
36 8/ 3/54 354 354 320 
37 9/19/57 1,053 700 294 2,591 
38 625 479 266 ~—-:1,508 

574 475 409 1,734 
Group 4 (clear) 

39 

40 
41 

4: 

44 
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47 
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49 
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51 

53 
54 

55 

58 
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TABLE III 
Data on sera of Category B, with total cholesterol less than 300 mg per 100 ml * 


Age and 


sex Date 


TL FC/TC TC/PL TC/TG Albumin 


5/19/58 


12/18/56 


5/23/56 
8/15/56 
10/12/55 


Sous 


R. 
R. 
D. 
L. 
K. 
E. 
E. 
J. 

R. 
R. 
A. 
E. 
E. 


NO ROVERS 


7/11/56 


Mean 


2/100 ml 
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* For abbreviations, see footnote to Table IT. 
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GROUP | 
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Fic. 1. RELATIONSHIP BETWEEN SERUM TRIGLYCERIDE 
AND SERUM TOTAL CHOLESTEROL. The various categories 
and groups of sera are indicated. 


consistent among the individual sera. Lactescence 
was related to the ratio of total lipid (TL) to 
PL, as noted by Ahrens and Kunkel (21), and 
less regularly to TL/TC. Lactescence also was 
related to the level of triglyceride, which explains 
in part the relationship of lactescence to TL/PL 
and to TL/TC. 

While TC and PL were clearly in excess of 
normal in all sera of Groups 1 through 4 with 
some similar concentrations in each group, tri- 
glyceride (TG) ranged from very high levels 
in Group 1 to approximately normal levels in 
Group 4, with distinctly different ranges of val- 
ues in the different groups. Ratios of TC/TG 
varied from a fraction of normal in Group 1 to 
several times normal in Group 4, and, among 
sera with TC concentrations in the vicinity of 700, 
concentrations of TG ranged all the way from 
120 to 3,820 mg per 100 ml. All of the lipids 
increased together on average but the relation- 
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Serum 
Group 5 
ss 60 5/19/58 269 249 106 761 ie 
By: 61 5/27/58 193 225 161 676 Ps 
62 10/16/57, 219s 645 
Ayes 63 3/ 8/57 285 268 142 836 ig 
64 4/30/57 263 260 110 766 
65 1/9/57 232 222 104 672 
66 5/8/54 209 214 107 668 We 
Tes 67 7/11/56 286 288 95 817 i 
68 70 795 
ee 69 183 247 267 793 Oi 
Tg 70 178 220 204 692 i. 
71 241-231 192 785 
72 7/11/56 218 220 190 740 
73 2/2/55 174 214 160 638 
74 12/9/57 184 223 144 644 
75 7/25/56 229 213 105 669 
76 6/20/56 178 211 92 571 
77 7/11/55 254 86 734 
78 6/ 6/56 188 219 83 584 
oe 79 9/ 7/55 193 194 75 568 i 
80 2/26/56 172 190 72 522 
AS 81 5/29/56 189 250 76 607 ee 
82 222 252 57 649 
2800 
2400 
2000 
800 


@ TOTAL CHOLESTEROL 
PHOSPHOLIPID 
0 TRIGLYCERIDE 4 
2 TOTAL LIPID 
= 5 ALBUMIN 
a 
= lk 4 
CATEGORY A | CATEGORY B 
13 
2 3 4 5 6 


SERUM GROUP 


lic. 2. MEAN CONCENTRATIONS OF LIPIDS AND ALBU- 
MIN IN SERA OF THE VARIOUS GROUPS IN RELATION TO 
NORMAL CONCENTRATIONS. The normal values are 
shown in Table II. 


ship between TC and TG was very irregular as 
may be seen in Figure 1. Thus there were quali- 
tative as well as quantitative differences in the 
lipids in the different sera. These qualitative 
differences were related to differences in lipopro- 
tein pattern which are discussed below. 


Relationship between serum lipids and serum 
albumin 


The concentrations of the various classes of 
lipids in the sera are shown in relation to the 
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corresponding concentrations of serum albumin 
in Figures 4 through 6. It is evident that inverse 
correlations existed in each case. The relation- 
ships were approximately hyperbolic, with the 
lipids, particularly triglyceride, increasing sharply 
as albumin decreased below levels of about 1 g per 
100 ml. Reciprocals of total cholesterol and of 


phospholipid concentrations were associated line- 
arly with albumin concentrations with correlation 
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TRIGLYCERIDE (MG. /IOOML) 
$$ 38 8 8 


10 20 30 40 
ALBUMIN (GM./IOOML.) 


Fic. 6. RELATION OF SERUM TRIGLYCERIDE TO SERUM 


ALBUMIN. 


coefficients (R) of at least + 0.90. The relation- 
ship between triglyceride and albumin was less 
regular, and more suggestive of the importance 
of a critical concentration of albumin. The rela- 
tionship between total lipid and albumin re- 
sembled in form and regularity the relationship 
between TC or PL and albumin more closely than 
it resembled that between TG and albumin. | 


Serum lipoproteins 


The lipoprotein fraction which was isolated in 
the top portion of the tubes by centrifugation of 
the sera at a density of 1.019 included all of the 


lactescent material of the sera. The lipoproteins 
which were subsequently separated at D 1.063 
were clear and often yellow, and those separated 
at D 1.21 were clear and only slightly colored. 
Results of analyses of the lipoprotein fractions 
from sera of each of the four groups of Category 
A are shown in Table IV. The mean results 
are expressed as multiples of normal values (11, 
12) in Figure 7. 

D < 1.019 lipoproteins. Concentrations of the 
very low density lipoproteins were greatly in- 
creased in the lactescent sera of Group 1, moder- 
ately increased in sera of Groups 2 and 3, and 
only slightly above normal in the clear sera of 
Group 4. 

This fraction varied from group to group in 
composition as well as in quantity. It contained 


most of the excess triglyceride of the sera, but 
its cholesterol (in all groups) and phospholipid 
(in all but the first group) were increased at least 
in proportion to the increase in triglyceride. Ra- 
tios of TC/PL for the fraction were greater than 
normal in all serum groups, greatest in Group 1 
and least in Group 4. The quantity of protein in 
the fraction, like that of the lipids, was greatest 
in Group 1 and progressively less in the other 
groups. Concentrations of protein in Groups 2 
through 4 are not presented because of some ir- 
regularly large values. The patterns of lipo- 
proteins (according to density) within this heter- 
ogeneous fraction and the composition of different 
portions of the fraction were not investigated ex- 
tensively. Results of a subfractionation are dis- 
cussed in a later section. 

D 1.019-1.063 lipoproteins. In contrast to the 
trend of the D< 1.019 lipoproteins described 
above, there was a stepwise increase in quantity 
of the D 1.019-1.063 fraction from Group 1 to 
Group 4. This medium-density fraction was near 
normal concentration in Group 1, irregularly in- 
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D1.063-1.21 
LIPOPROTEIN 


SERUM GROUP 


Fic. 7. MEAN CONCENTRATIONS OF LIPIDS AND PkO- 
TEIN OF THREE LIPOPROTEIN FRACTIONS IN SERA OF VARI- 
OUS GROUPS IN RELATION TO NORMAL CONCENTRATIONS. 
The normal values are shown in Table IV. 
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TABLE IV 
Data on lipoprotein fractions of four groups of sera with increased lipids * 


Approx. 
normal 


Lipoprotein fraction 


D 1.019-1,063 D 1,063-1.21 


FC/TC TC/PL 


PL P TL TC PL TCA 


mg/100 ml of serum 


values..... 


0.37 


CO 


0.27 
0.31 
0.37 


0.35 
0.33 


OUD 


0.30 
0.29 


NN 


wm 


SSSSSERS 


wwhr 
Ot 


OD = 


So 


mg/100 ml of serum mg/100 ml of serum 
103 74 70°. 1,39 190 49 101 170 0.48 
Group 1 
52 86 96 «0.61 16 
90 87 1.03 82 
98 99 109 0.99 46 85 121 0.54 
78 81 96 «0.96 21 55 120 0.38 
63 za 53 0.84 104 19 47 91 0.40 
54 62 95 0.87 69 9 17 56 0.41 
77 126° 99 17 37 95 0.46 
77 84 103 0.91 91 36 58 107 0.45 
Group 2 
184 131 170 1.40 165 32 Si... 136. 0.63 
219. 1.32 53 9 31 0.41 
203 142 198 1.43 67 11 22 65 0.50 
232 187. 80 12 30 51 0.40 
96 80 134 1.20 119 28 48 146 0.58 
115 825° 71 13 32 89 0.41 
103 83 4.24 116 24 47. 419. O51 
76 67 104 20 32 96 
Group 3 
229 184 177 1.24 33 60 107 0.55 
199 148 167 1.34 111 26 39 97 
604 420 351 1.44 57 82 157 0.70 
486 333 347 1.40 
LAS 54 99 195 0.55 
306 «201 198 1.52 143 23 70 «1410.33 
201 146 47 
175, 104 21 47 126 0.45 
Zi2 . 143 119 37 66 137 0.54 
Group 4 
282i: 243 149 161 48 62 182 0.79 
415 270 308 1.57 320. 102 1275 932 
219 200°: 1.50 226 68 105 222 0.64 
SAL. 1:62 268 97. 102. 226.095 
520 155 49 76 164 0.64 
135 96 107 1.41 128 26 57 139 0.46 
346: 255). 181. - 1:46 81 175 288 0.46 
4.51 139 30 Ss 355°" 
Bis 200 63 92 210 0.67 


* For abbreviations, see footnote to Table II. 
+ The values in parentheses are approximations based on serum triglyceride values. 
t The addition of a letter to a serum number indicates a different but similar serum from the same patient. The 
TL values here are calculated as milligrams of dichromate reduced divided by 17.7. 


creased in Group 2, and more substantially in- 
creased in Groups 3 and 4. 

The composition of this fraction varied. Ra- 
tios of TC/PL ranged from less than normal val- 


ues in Group 1 to greater than normal values in 
Group 4. Concentrations of total lipid instead of 
triglyceride of this and the D 1.063-1.21 frac- 
tions are presented because of the large errors 


D < 1.019 

TC PL TO TL 

> 
28 78 0.82 265 
609 482 (3,700)t 

907 791 (3,100) 

1,247 699 (3,100) 

1,023 591 (2,300) 
bt 624 527 2,485 0.37 265 
hd a 655 535 2,422 0.35 265 

778 2,021 0.31 281 

Mean 894 619 2,901 0.34 270 

9 386 361 1,047 503 
11 412 336 1,013 651 
june 12 406 278 876 548 
13 404 379 903 685 
er 14 244 222 590 309 
15 237. 222 313 
16 507 341 799 322 
a 18 388 613 280 
21 326 6236 

22 378 291 466 563 

24 210 «153 

25 132 119 238 1,260 

26 234 202 

28 133 144 727 
30 208 156 
35 100 120 346 505 
Mean 220 «180334 764 
40 -@ 91 0. 687 
41 68 57 94 0. 1,000 
42a 23-28 86 0. $35 

co 46 48 49 109 0. 1,236 
Bs 52a 115 104 148 0. 342 

53 40 35 

54 60 48 
55 61 65 146 458 
Mean 63 114 793 
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that may occur in calculating values of the rela- 
tively small TG component by difference. In 
cases of lactescent sera, it appeared that TG was 
increased relative to the other lipids of these 
fractions. 

D 1.063-1.21 lipoproteins. The high density 
lipoproteins were below normal in Groups 1, 2 and 
3, and above normal on average in Group 4. 
Ratios of TC/PL in the fraction were greater 
than normal, particularly in Group 4. The high 
cholesterol values in a few of the sera of Group 
4 suggest the possibility of incomplete separation 
of lipoproteins of lower density. 

D>1.21 “lipid phosphorus.” The quantity of 
ethanol-acetone soluble phosphorus remaining in 
the infranatant solution after centrifugation of the 
sera at D 1.21 varied considerably within each 
group, with no consistent difference from one 
group to another. The values in terms of phos- 
pholipid (P x 25) ranged from 5 to 25 mg per 
100 ml of serum with a mean of 15 mg per 100 
ml, compared with a normal range of 15 to 27 
mg per 100 ml (11). The infranatant solution 
in the few cases analyzed was found to contain less 

than 3 mg of cholesterol per 100 ml of serum. 

Summarizing the principal lipoprotein altera- 
tions in the different groups of sera with in- 
creased lipids, the lipoproteins of D < 1.019 were 
excessive in Group 1, both the D < 1.019 and the 
D_ 1.019-1.063 fractions were moderately in- 
creased in Groups 2 and 3, and principally the 
D 1.019-1.063 fraction was increased in Group 4. 
The D 1.063-1.21 fraction was diminished in 
Groups 1 through 3. It is evident that the previ- 
ously discussed differences in serum triglyceride 
and in TC/TG (and also in TC/PL and PL/ 
TL) in the different groups of sera were related 
to these differences in pattern of lipoproteins. 

Different patterns of lipoproteins were also 
observed among the sera with slightly increased 
lipids (listed in Table III), as might be expected 
from the differences in TG levels and TC/TG 
ratios. The very low density lipoproteins were 


considerably above normal in serum no. 59. In 
most of the other sera, however, the lipoprotein 
abnormalities were not impressive. 

Very low density lipoproteins and lactescence. 
The D < 1.019 lipoprotein fraction which in- 
cluded a broad spectrum of lipoproteins was di- 
vided in some cases into D < 1.006 and D 1.006- 
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TABLE V 
Data on very low density lipoprotein fractions * 


D < 1.006 D 1,006-1.019 
no. lactescence yin PL TG TC PL TG 


mg/100 ml of serum 


Sa 629 503 2,351 206 

9 366 339 1,047 20: 36 
12 360 236 876 46 68 116 
13 227 208 573 | 
15 —s 185 177 458 52 45 64 
18 ++ 341 244 518 
22 + 257 199 373 935 
59 + 118 125 352 a. 23.38 
28 5 i 89 104 237 44 40 49 
35 49 47 76 
32-28 54 179 148 109 
52a 42 36 63 73, 68 85 


* For abbreviations, see footnote to Table II. __ 
t This serum was obtained during an acute infection and 
is not included elsewhere. 


1.019 subfractions. The D < 1.006 portion con- 
tained the lactescent material, and the degree of 
lactescence of the sera was related to the quantity 
and triglyceride content of this portion. Results 
of analyses of lipids in the two subfractions are 
shown in Table V. The protein content of the 
D < 1.006 fraction was very low in proportion 
to lipid, considerably lower than that of the 
D 1.006-1.019 fraction, particularly in cases of 
lactescent sera. Lactescence appeared to be a 
result of the presence of lipoproteins of very low 
density which were high in triglyceride and low 
in protein. 


Factors influencing lipoproteins 


It is evident from data already presented that 
the quantity of serum lipoproteins and the lipo- 
protein pattern (variations of which were re- 
flected in differences in serum TG and TC/TG) 
bore a relation to the degree of hypoalbuminemia 
which in general was a good index of the severity 
of the nephrotic syndrome. The lipoprotein pat- 
tern in particular was also influenced by other 
factors, as is indicated by the irregular rela- 
tionship between triglyceride and albumin. There 
were relatively great day to day variations in tri- 
glyceride values even when conditions were ap- 
parently stable. The lipid relationships in some 
cases were altered by hospitalization without spe- 
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cific therapy or changes in the disease. Changes 
in diet, glucose infusions (22), albumin infusions 
(23), or steroid therapy often resulted in changes 
in concentrations of individual lipids and in lipo- 
protein pattern. A large decrease in all lipids, 
particularly in triglyceride, occurred within 48 
hours in one case, during an acute infection com- 
plicated by vomiting and diarrhea. Several el- 
derly patients with nephrosis complicated by 
other diseases (especially malignancies) had un- 
usually low levels of lipids. An attempt was 
made to eliminate, in so far as possible, the ef- 
fects of these various complicating factors in the 
present study. 

Lipoprotein pattern seemed to differ some- 
what from patient to patient, presumably due to 
differences in endocrine and metabolic regulation, 
even when the disease state and the environmental 
factors discussed above were similar. The same 
pattern recurred during successive relapses of the 
disease in some individual patients, and the pat- 
terns often remained relatively constant for pe- 
riods of weeks or months. The patterns, of 
course, changed from time to time in a majority 
of the cases, usually in relation to changes in the 
disease but sometimes without apparent cause. 
The magnitude and pattern of the lipid alterations 
often changed as renal insufficiency developed, 
possibly as a result of the decrease in proteinuria. 


DISCUSSION 


It is generally recognized that hyperlipidemia 
of considerable degree occurs more consistently in 
nephrosis or in the nephrotic syndrome than in 
types of renal disease not associated with marked 
proteinuria or hypoalbuminemia. From this and 
other evidence (24) it has been suspected that the 
lipid disturbance in nephrosis may be causally re- 
lated to the deficiency of albumin, though some 
contrary evidence has been presented by Hey- 
mann, Nash, Gilkey and Lewis (25). The ques- 
tion is complicated by the irregular relationships 
among the individual lipids themselves, and even 
if deficiency of albumin is an important cause of 
the lipid disturbance, it may be that deficiency of 
other proteins of relatively small molecular size 
and possibly other entirely different disturbances 
also play a part. The present observations con- 
firm the existence of a relationship between the 
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levels of the serum lipids and serum albumin in 
nephrosis but indicate no more than the possibility 
that the hyperlipidemia is caused by hypoal- 
buminemia. 

As already noted, levels of triglyceride were 
related irregularly to those of cholesterol and 
phospholipid, reflecting differences in lipoprotein 
pattern among the different sera. Total serum 
cholesterol and phospholipid were increased when- 
ever albumin was decreased but triglyceride was 
regularly increased only when levels of serum al- 
bumin were very low. It is evident from these 
observations that the mechanisms regulating the 
concentrations of triglyceride were not identical 
with those governing the other lipids. 

Serum triglyceride level was a good index of 
the quantity of very low density lipoproteins in 
the serum, and, in accord with the observations of 
Albrink, Man and Peters (26), was correlated 
with the degree of lactescence of the serum. To- 
tal serum cholesterol was not always an equally 
good index of the quantity of D 1.019-1.063 lipo- 
proteins, which normally contain the major por- 
tion of serum cholesterol, because of the large 
amount of cholesterol sometimes present in the 
D < 1.019 lipoprotein fraction. Reasonably ac- 
curate estimates of the lipoprotein pattern could 
be made from a knowledge of both cholesterol 
and triglyceride levels, or from cholesterol level 
and the appearance of the serum, but not from 
cholesterol level alone. 

Rosenman, Byers and Friedman (27), from 
studies on experimental nephrosis in rats, postu- 
lated that an accumulation of triglyceride due to a 
disturbance in the clearing mechanism is the pri- 
mary lipid alteration in nephrosis, and that cho- 
lesterol and phospholipid accumulate passively 
as a result of trapping by the triglyceride. Lipo- 
proteins were not studied. It appeared in the 
present study that an increase in cholesterol often 
occurred in the absence of any significant increase 
in triglyceride. Evidence of a decreased rate of 
conversion of S- 10 to 400 lipoproteins to those 
of higher density (S- 3 to 9) was observed in 
children with nephrosis by Gitlin and associates 
(28). This mechanism might explain in part 
the occurrence of sera of the Group 1 type with 
increased D < 1.019 lipoproteins, but other (per- 
haps earlier) disturbances must be present to 
account for increased levels of cholesterol, phos- 
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pholipid, and D 1.019-1.063 lipoproteins in sera 
such as those of Groups 3 and 4. Knowledge of 
the biochemical basis of these disturbances is 
scant. 

The composite picture of the lipoprotein altera- 
tions in nephrosis which is suggested by this 
study may be summarized as follows. When 
nephrosis of mild to moderate degree develops, 
there is an increase in lipoproteins of D 1.019- 
1.063 and consequently in serum cholesterol 
and phospholipid, often accompanied by little 
change from normal in D < 1.019 lipoproteins. 
As the syndrome becomes more severe, the quan- 
tity of D < 1.019 lipoproteins usually becomes 
progressively greater and is reflected in an in- 
crease in serum triglyceride and lactescence. At 
the same time, the D 1.019-1.063 lipoproteins fall 
toward or even below normal. Serum cholesterol 
and phospholipid continue to increase, but come 
to be present principally in the D < 1.019 instead 
of the D 1.019-1.063 fraction. 

The reason for the inverse relationship between 
quantities of the D< 1.019 and the D 1.019- 
1.063 fractions is not clear. A decrease in the 
D < 1.019 fraction and a simultaneous increase 
in the D 1.019-1.063 fraction have been observed 
to occur early in remissions of the disease in- 
duced by steroid therapy and during the course of 
repeated albumin infusions. Reciprocal changes 
in the fractions in the opposite direction some- 
times occurred during prolonged infusions of 
glucose (22). The reciprocity between the frac- 
tions probably is not limited to nephrosis but is 
seen also in some other diseases. The decrease in 
one fraction as the other increased suggested the 
possibility of an interaction between lipoproteins 
of different densities in the serum. The relation- 
ship between the fractions seems to be metabolic, 
however, for in preliminary studies no change 
in quantity or composition of the fractions was 
noted when D < 1.019 and D 1.019-1.063 lipo- 
proteins were mixed in various proportions and 
again separated at a density of 1.019 (29). 


SUMMARY 


1. Sera obtained periodically from 44 hospital- 
ized patients with uncomplicated nephrosis (ne- 
phrotic syndrome) were analyzed for albumin, 
lipids, and, in many cases, lipoproteins. 
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2. Concentrations of total serum cholesterol, 
phospholipid, triglyceride, and total lipid were 
related inversely and nonlinearly to serum albumin 
levels. The relationship between triglyceride and 
albumin was less regular than that of the others, 
and the form of the relationship was different. 

3. Pattern as well as total concentration of lipo- 
proteins differed among the different sera with 
increased lipids. Either or both of the D < 1.019 
and the D 1.019-1.063 lipoprotein fractions were 
abnormally large; however, these two fractions 
usually were not greatly increased simultaneously. 
Principally the D 1.019-1.063 lipoproteins were 
increased in a majority of cases of nephrosis 
without great deficiency of serum albumin. Se- 
vere nephrosis usually was characterized by high 
levels of the D < 1.019 lipoprotein fraction, often 
with near normal D 1.019-1.063 lipoproteins and 
subnormal high density (D 1.063-1.21) lipo- 
proteins. Abnormalities were also noted in com- 
position of the lipoprotein fractions. 

4. Serum cholesterol and phospholipid were 
increased whenever the lipoproteins were in- 
creased, since both the D < 1.019 and D 1.019- 
1.063 lipoprotein fractions were rich in these 
lipids. Serum triglyceride and lactescence were 
increased appreciably only in sera with increased 
quantities of D < 1.019 lipoproteins. 
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CORRECTION 


In the paper entitled “Water and Electrolyte Studies in 
Cholera” by Watten, Morgan, na Songkhla, Vanikiata and Phillips 
(J. clin. Invest. 1959, 38, 1879), the osmolarity values in Tables 
IT and III were erroneously “corrected” according to Eisenman’s 
formula on page 1881 of the paper. 
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EVALUATION OF THE SLOPE-VOLUME METHOD AS AN INDEX 
OF PULMONARY BLOOD VOLUME * 
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The Stewart-Hamilton method (1) for meas- 
urement of blood volumes from indicator dilution 
curves has been validated in both theory (2) and 
practice (3), provided that certain conditions are 
met. 

Measurement of the pulmonary blood volume 
by the Stewart-Hamilton method would entail 
injection of indicator into the main pulmonary ar- 
tery and sampling from the left atrium. How- 
ever, while insertion of a catheter into the left 
atrium of the dog is technically feasible, an un- 
known portion of the left atrial volume will be in- 
cluded in the measurement. A more serious ob- 
jection is the evidence that the process of mixing 
of dye with blood in the left atrium is incomplete 
(4, 5), and thus one of the conditions for valid 
application of the Stewart-Hamilton method is 
not fulfilled. The interposition of the left ventricle 
and aortic valve is essential to achieve uniform 
cross-sectional distribution of indicator at the 
sampling site (6, 7). Therefore, it is necessary 
to place the tip of the sampling catheter in the 
aortic root distal to the aortic valve. The blood 
volume between the site of injection (main pul- 
monary artery) and the sampling site thus com- 
prises both lungs and the chambers of the left side 
of the heart. This is probably the nearest ap- 
proximation to the pulmonary blood volume that 
can be measured at present by the method. 

Newman, Pearce and associates (8, 9), using 
a different analysis of indicator dilution curves, 
introduced the concept that the “slope volume” 
provides a measurement or index of the pulmo- 
nary blood volume. The slope volume is a func- 
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+ Minnesota Heart Association Fellow in Physiology, 
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tion of the blood flow and the rate of diminishing 
concentration of the indicator during the phase 
between the peak concentration and commencing 
recirculation, hereinafter referred to as the “dis- 
appearance slope.” The concept of slope volume 
has been derived from both theoretic reasoning 
and from demonstrations in model systems which 
have shown that, in a series of perfect mixing 
chambers, the largest single chamber will domi- 
nate the disappearance slope of the dilution curve, 
the other chambers influencing this slope only in 
the initial phase. The original assumption of 
Newman and his co-workers was that the lungs 
and heart chambers constitute such a series and 
that, therefore, the lungs, which presumably have 
the largest blood volume, should dominate the 
disappearance slope of the indicator dilution curve. 
More recently, Emanuel, Lacy and Newman (10) 
have defined the slope volume as “a volume of 
blood which would produce the exponential slope 
obtained if the flow mixed with all of the volume 
as if the volume were contained in a single com- 
pletely mixed chamber (or a chamber made of 
parallel channels, all having the same ratio of 
flow to mixing volume).” 

In the Stewart-Hamilton method for deriving 
the blood volume of the lungs and the left side of 
the heart, changes in pulmonary blood volume 
might well be obscured by simultaneous but op- 
posite changes in blood volume in the left side of 
the heart. The slope volume, however, by pro- 
viding an estimate of the blood volume of the 
lungs alone, might be expected to avoid such un- 
certainties. Therefore, the present studies were 
designed to test the validity of the slope volume 
as an index of the volume of blood in the lungs. 


METHODS 


Sixteen mongrel dogs weighing 14 to 25 kg were used. 
In 11 trained dogs, cardiac catheters were introduced 
under local anesthesia and in the remainder, under 
sodium pentobarbital anesthesia. A catheter, used for 
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BEFORE OCCLUSION DURING OCCLUSION 
(of R.P.A.) 
\ = 
7 mg/., img /L 
) is 
2.5 mg. Cardio - green - 
15 15 “ee 
DYE CONCENTRATION [ 
(mg./L.) 
seconds seconds 
CARDIAC OUTPUT 4.4 L./min. 4.2 L./min. 
MEAN TRANSIT TIME 4.4 seconds 3.4 seconds 
LUNG and LEFT HEART 
BLOOD VOLUME 320 mi. 235 mi. 
SLOPE VOLUME 92 mi. 85 mi. 


Fic. 1. Upper PANEL. 
ARTERY IN A DOG WEIGHING 19.8 kG. 


the syringe line indicates the instant and magnitude of the injection. 


time during arterial occlusion. 
LOWER PANEL. 
OF THE DISAPPEARANCE SLOPE OF BOTH CURVES. 


injections of the indicator, was introduced via the ex- 
ternal jugular vein into the pulmonary artery so that 
its tip lay just distal to the pulmonary valve. A 40 cm 
catheter having a dead space of 0.4 ml was inserted into 
the left ventricle via the carotid artery and withdrawn 
until its tip lay just above the aortic valve; this was 
used for sampling. The positions of the catheter tips 
were checked by fluoroscopy and manometry during 
introduction and at intervals throughout the observa- 
tions. In a group of separate studies, the femoral artery 
was used as the sampling site. In 2 dogs, an additional 
no. 5 French catheter with a balloon about 4 to 6 cm 
from the tip was introduced into the pulmonary artery. 
The catheter was advanced until its tip became impacted 
in a distal branch; in this way, the position of the bal- 
loon remained fixed. The balloon could be inflated to 
occlude the right or left pulmonary artery or lobar 
branches thereof. The effectiveness of such occlusion 
was confirmed by angiograms made after injection of a 
70 per cent solution of sodium acetrizoate (Urokon 
Sodium). 

An indocyanine dye (cardio-green!) was used as the 


1 Kindly supplied by Hynson, Westcott and Dunning, 
Baltimore, Md. 


INDICATOR DILUTION CURVES BEFORE AND DURING OCCLUSION OF THE RIGHT PULMONARY 
The recirculation portions of the curves are not included. The deflection of 


Note the shortening of the mean transit 


CURVES REPLOTTED ON A TIME AND LOG CONCENTRATION SCALE TO SHOW THE CLOSE SIMILARITY 


indicator at a concentration of 1.25 mg per ml in doses 
of 1.5 to 2.0 mg. Particular attention was paid to the 
characteristics of the injecting, sampling and recording 
systems, since determination of blood volume by the 
Stewart-Hamilton method depends especially on ac- 
curate measurement of the time components of the indi- 
cator dilution curve. Injections were made by a pneu- 
matic syringe capable of delivering 1.0 ml of dye solution 
in 0.10 second. An automatic signaling device recorded 
the instant and volume of each injection (Figure 1). 
The dead space of the catheter and syringe system 
was kept filled with dye between successive injections. 
A densitometer 2 having a dead space of 0.1 ml was 
connected to the aortic catheter which had a dead space 
of 0.4 ml. When the method of Fox, Sutterer and Wood 
(11) for assaying dynamic response characteristics was 


2 This densitometer was developed by the Section of 
Engineering of the Mayo Clinic. It is similar to Model 
XC-100A manufactured by the Waters Corporation, 
Rochester, Minn., but it has a slightly larger internal 
diameter to permit high flows. The light-sensitive 
element is a phototube with an extremely high internal 
resistance. A power amplifier (a cathode follower) is 
used to obtain current, which is fed into a recorder. 
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1.6 


Cotheter + Densitometer (Dead Spoce 0.5 mi.) 
O---O Densitometer 


(Dead Spoce 0.4 mi.) 


SAMPLING RATE 


140 
( ml. Z min.) 


Fic. 2. DyNAMIC RESPONSE OF CATHETER-DENSITOMETER-GALVANOMETER SYSTEM. 
The time required to attain 90 per cent response to a “square wave” of dye (cardio- 
green) in blood is plotted against the sampling rate. 


used, this densitometer-galvanometer system responded 
to a “square wave” input of cardio-green dye in blood by 
reaching 90 per cent of its maximal deflection in 0.20 
second at the sampling rates of 100 to 120 ml per min- 
ute used throughout the studies (Figure 2). These sam- 
pling rates were achieved by use of vacuum suction at 
about 1.5 kg per square centimeter. A time correction 
was made in each instance for the mean transit time of 
indicator through the sampling system at the particular 
sampling rate used. 

The indicator dilution curves obtained by this system 
show step functions (Figure 1). These are synchronous 
with the heart beat and represent changes in the con- 
centration of dye at the aortic root during successive 
ejections of the left ventricle. Such curves contrast 
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SLOPE VOLUME ( mi.) 


oO 100 200 
LUNG ond LEFT HEART BLOOD VOLUME (ml.) 
Fic. 3. SLOPE VOLUME PLOTTED AGAINST CORRESPOND- 
ING VOLUME OF BLOOD IN LUNGS AND LEFT SIDE OF HEART 
(36 DETERMINATIONS IN 16 pocs). Note the correlation 
but the large systematic difference. 


with the smoothly contoured curves obtained by means 
of sampling and recording systems that have slower dy- 
namic response characteristics. 

The volume between the injection and sampling sites 
was calculated by the Stewart-Hamilton formula (1), 
and the slope volume was determined by the method of 
Newman and co-workers (8). Calibration curves were 
obtained for each dog by drawing various known con- 
centrations of dye in blood through the densitometer. 
In many experiments, dilution curves were obtained for 
blood at the start of the experiment (free of dye) and 
at the end of the experiment (with residual background 
dye). The calibrations usually were slightly different, 
as would be expected. However, the difference was 
never great, since cardio-green disappears from circu- 
lating blood much more quickly than does T-1824. When 
a difference was present, the calibrations were inter- 
polated for intermediate dilution curves. 


RESULTS 


The pulmonary artery was used as the injec- 
tion site and the aortic root as the sampling site 


in 36 determinations in the 16 dogs. Figure 3 
shows the blood volumes, as calculated by the 
Stewart-Hamilton method, plotted against the 
corresponding slope volumes. There is a cor- 
relation (R = 0.9) but also a large systematic dif- 
ference. The combined volume in the lungs and 
left side of the heart averaged 156 ml (SE 3.9) 
per 10 kg of body weight, whereas the slope vol- 
ume averaged 48 ml (SE 1.7) per 10 kg of body 
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BEFORE OCCLUSION OF R.PA. 


Fic. 4. ANGIOGRAMS AFTER INJECTION OF A 70 PER CENT SOLUTION OF SODIUM ACETRIZOATE 
INTO THE RIGHT ATRIUM. Before occlusion of the right pulmonary artery, the pulmonary 
vessels of both lungs are clearly visualized. During occlusion, there is no filling of the 


vessels of the right lung. 


weight. It is of interest that Dow (12) found 
a practically identical ratio, namely 0.31, between 
slope volume and central volume in dogs. Thus, 
the slope volume is about 30 per cent of the blood 
volume in the lungs and left side of the heart. 
Some data obtained in our laboratory suggest that 
the lungs account for about two-thirds of the com- 
bined volume (13). This would make the slope 
volume about 45 per cent of the pulmonary blood 
volume. 

These volumes were compared with nine de- 
terminations in seven dogs in which the femoral 
artery was used as the sampling site. Under 
these circumstances, the volume by the Stewart- 
Hamilton method averaged 227 ml (SE 15.9) per 
10 kg of body weight, while the slope volume 
averaged 50 ml (SE 2.3) per 10 kg of body 
weight. The increase in the former volume was 
consistent with the different extent of the vascu- 
lar bed included between the injection and sam- 
pling sites (13). The slope volume, however, 
was strikingly constant, a finding previously re- 
ported by Pearce, McKeever, Dow and Newman 
(9). 

As already noted, the volume of the pulmonary 
vascular bed in two dogs was acutely and inter- 


mittently reduced by inflation of a balloon in the 
pulmonary artery. In one of these animals, the 
right pulmonary artery was occluded, the com- 


BALLOON IN RIGHT MAIN PULMONARY ARTERY (DOG-I9.8 kg.) 
400 
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Blood Volume 4 
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BALLOON INFLATED BALLOON INFLATED 9% 


Fic. 5. CHANGES IN SLOPE VOLUME AND IN VOLUME OF 
BLOOD IN LUNGS AND LEFT SIDE OF HEART WITH INTER- 
MITTENT OCCLUSION OF RIGHT PULMONARY ARTERY BY 
BALLOON-TIPPED CATHETER. The occlusion in each in- 
stance lasted from 7 to 10 minutes. In both this figure 
and in Figure 6, note the pronounced and reproducible 
changes in the blood volume of the lungs and left side 
of the heart in contrast to the incommensurate changes 
in slope volume. 
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BALLOON IN ARTERY TO RIGHT MIDDLE AND LOWER LOBES (Dog-25kg.) 
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Fic. 6. CHANGES IN SLOPE VOLUME AND IN VOLUME OF BLOOD IN LUNGS 


AND LEFT SIDE OF HEART WITH INTERMITTENT OCCLUSION 


OF ARTERIES TO 


LOWER HALF OF RIGHT LUNG. The occlusion in each instance lasted from 


7 to 10 minutes. 


pleteness of the occlusion being confirmed by 
angiography (Figure 4). During occlusion, the 
cardiac output either remained unchanged or 
showed a modest decrease. These results are 
similar to the findings of Brofman (14) in normal 
man. However, the mean transit time of the in- 
dicator was reduced by about one-third (Figure 
1). Since the volume of blood in the lungs and 
left side of the heart is the product of the cardiac 
output and the mean transit time, this volume was 
reduced by about one-third, the average volume 
decreasing from 332 to 229 ml (Figure 5). Vol- 
umes ‘measured immediately on occlusion and five 
minutes later were similar. However, the slope 
volume was only slightly affected by the occlusion, 
the average volume decreasing from 91 to 80 
ml (Figure 5). In the other dog, the lobar ar- 
teries to the lower half of the right lung were 
occluded, as confirmed by angiography. There 
was a corresponding decrease in the volume of 
blood in the lungs and left side of the heart of 
about one-fifth (427 to 335 .al), again with no 
consistent change in the slope volume, the aver- 
age of which decreased from 149 to 139 ml (Fig- 
ure 6). The procedure was repeated many times 
and yielded reproducible results (Figures 5 and 6). 


DISCUSSION 


The Stewart-Hamilton method depends on 
good mixing of the indicator with blood at the 
injection and sampling sites and also on constant 
flow during the period of observation. The first 
of these requirements is best fulfilled by injecting 
into the pulmonary artery and sampling from the 
aortic root (6, 7), as was done in these studies. 
The second requirement is not fulfilled, since flow 
through the aortic valve is not constant but pulsa- 
tile. That this theoretic objection may not be im- 
portant in practice is suggested by the recent work 
of Schlant and associates (3), who found close 
agreement in measurement of the “central blood 
volume” in dogs by the Stewart-Hamilton method 
and by a technic using erythrocytes labeled with 
radiochromium (Cr°*). 

The Stewart-Hamilton method makes no as- 
sumptions regarding the nature of blood flow 
through the lungs and is, therefore, valid whether 
such flow be laminar or turbulent. In contrast, 
the slope-volume method is based on the proposi- 
tion that the lungs and heart chambers are a series 
of perfect mixing chambers. It is doubtful if the 


lungs can be so regarded (15-17). Theoretically, 
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movement through a capillary bed such as that 
of the lungs provides random scattering and longi- 
tudinal dispersal of the particles of dye rather than 
mixing. Sheppard and Savage (15) and Shep- 
pard (16) have shown that the problem is more 
akin to the ‘random walk.” Only when the dis- 
persing effect is not too great can an approxi- 
mately log-normal distribution in time of the 
outflowing dye be predicted, and this condition 
does not obtain in the large pulmonary capillary 
bed. Parrish, Hayden, Garrett and Huff (17) 
studied pulmonary transfer characteristics with 
radioisotope dilution technics, using an analog 
computer in such a way that both transport delay 
and dispersion could be varied independently. 
They found that the vessels of the lungs behave 
as a system with linear-flow and not as a mixing 
pool. Thus, it appears that the lungs cannot 
achieve the perfect and instantaneous mixing that 
is the chief assumption on which the slope-volume 
method is based. 

It has been proposed recently that the increase 
in slope volume in mitral regurgitation indicates 
an increase in pulmonary blood volume or “ef- 
fective mixing volume” (10). However, in 
mitral regurgitation, in addition to an enlarged 
upstream chamber, a to-and-fro flux of dye par- 
ticles occurs across the incompetent valve, which 
in itself can spread the indicator dilution curve, 
decrease the disappearance slope, and thus in- 
crease the slope volume (18). The fact that the 
disappearance slope can be plotted semilogarithmi- 
cally to yield a straight line is no guarantee that 
the disappearance slope is a single exponential 
function (19). It has become clear, through the 
use of sampling and recording systems with high 
dynamic response characteristics, that indicator 
dilution “curves” show step-like alterations in 
concentration corresponding to successive ven- 
tricular ejections (Figure 1), particularly when 
a central sampling site is used (20). Thus, when 
points are replotted on a semilogarithmic scale at 
short intervals of time, such as 0.5 second, they 
do not fall along a straight line, although the 
general trend is linear. In the present experi- 
ments, we constructed the best possible rectilinear 
fit through these points, designating this as the 
“slope.” The absence of a completely smooth 
slope, which becomes evident when systems with 
high dynamic response characteristics are em- 
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ployed, is in itself an objection to the use of this 
parameter as a measure or an index of an intra- 
vascular volume. 

As already noted, under the conditions of our 
studies the slope volume is about 30 per cent of 
the blood volume of the lungs and left side of the 
heart. Previous observations have suggested that 
about two-thirds of the blood volume between the 
pulmonary and aortic valves is contained in the 
lungs. Thus, as mentioned earlier, the slope vol- 
ume is probably about 45 per cent of the total pul- 
monary blood volume. When the sampling site 
was changed from the aortic valve to the femoral 
artery, only slight changes in the slope volume 
were observed that were incommensurate with 
the changes in actual volume included between 
the two sites. These results could be interpreted 
as supporting the contention that the slope vol- 
ume measures a volume directly related to the 
pulmonary blood volume. If so, a pronounced 
reduction in the slope volume would be anticipated 
after occlusion of one of the pulmonary arteries or 
branches thereof. However, such a reduction 
could not be demonstrated. It might be held that 
occlusion of the right pulmonary artery resulted 
in redistribution of blood, so that the left lung 
now contained an increased quantity of blood; 
this was not borne out by the concomitant Ste- 
wart-Hamilton calculations, which showed con- 
sistent reduction in this volume during periods of 
occlusion. 

Thus, the slope volume neither gives a meas- 
urement of the volume of blood within the lungs 
nor consistently reflects the magnitude of changes 
induced therein. 


SUMMARY 


Studies were carried out to test the validity of 
the Newman slope-volume method as an index 
or measurement of the volume of blood in the 


lungs. Indocyanine (cardio-green) dye was in- 
jected into the pulmonary artery of the dog, and 
indicator dilution curves were inscribed at the 
aortic root using a densitometer with a high fre- 
Sampling was from the aorta 
rather than the left atrium to ensure adequate 
mixing of the dye with blood. The Stewart- 
Hamilton method was used to derive the volume 
of blood in the lungs and the chambers of the left 


quency response. 
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side of the heart; the Newman method was used 
to calculate the slope volume. 

In 36 determinations in 16 dogs, the volume of 
blood in the lungs and left side of the heart was 
156 ml (SE 3.9) per 10 kg of body weight, 
whereas the slope volume was 48 ml (SE 1.7) per 
10 kg of body weight. Thus, the slope volume 
is about 30 per cent of the volume in the lungs 
and left side of the heart and it is probably about 
45 per cent of the pulmonary blood volume. 

With repeated temporary occlusion of the right 
main pulmonary artery, the volume of blood in 
the lungs and left side of the heart decreased from 

‘an average of 332 to 229 ml, while the average 

slope volume decreased from 91 to 80 ml. With 
occlusion of the arteries to the lower half of the 
right lung, the former volume decreased from 
427 to 335 ml, while the latter decreased from 
149 to 139 ml. 

With the assumption that the Stewart-Hamilton 
method is valid, it appears that the slope volume 
neither gives a measurement of the volume of 
blood in the lungs nor reflects the magnitude of 
changes induced therein. 
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CHROMATOGRAPHIC PROPERTIES OF GAMMA GLOBULIN: 
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The cellulose ion exchangers (1) have proved 
to be useful chromatographic media for the serum 
proteins. In the fractionation of normal human 
serum on the anion exchanger, diethylaminoethy] 
(DEAE) cellulose, application of buffer gradi- 
ents of increasing concentration and decreasing 
pH results in the appearance of components in 
the effluent fluid in order of increasing electro- 
phoretic mobility (2), indicating that ion ex- 
change is the predominant mechanism involved. 
In the case of the gamma globulin component, 
some subfractionation was demonstrated in terms 
of progressively increasing electrophoretic mo- 
bility of column effluents of this fraction. Little 
attention has been directed, however, to the chro- 
matographic properties of the gamma globulins 
of high molecular weight, 19S or greater, which 
are found in large quantities in certain patho- 
logical sera, and also in small quantities in nor- 
mal human sera (3). 

In the course of anion exchange fractionation of 
sera from patients with rheumatoid arthritis, the 
“rheumatoid factor” (4-6), a gamma globulin 
constituent of high molecular weight (7), ap- 
peared in column effluents far removed from the 
bulk of the gamma globulin (8). This observa- 
tion indicated that the chromatographic behavior 
of certain gamma globulins, and possibly of other 
serum proteins, on DEAE cellulose is governed 
not only by ion exchange but also by other factors 
which depend in part upon molecular size. Our 
attention was therefore directed to sera known to 
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Service, Bethesda, Md. 

+ Fellow of the Helen Hay Whitney Foundation. 
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University—Bellevue Medical Center, New York, N. Y. 


contain large amounts of abnormal gamma globu- 
lin constituents. The results obtained have been 
previously presented in abstract form (9). 


MATERIALS AND METHODS 


DEAE cellulose! (1 g for each 30 to 40 mg of protein 
fractionated) was equilibrated with 0.01 M phosphate 
buffer at pH 7. The equilibrated exchanger was then 
poured onto columns (2.5 X 15 cm) equipped with fritted 
glass filters, and packed under mild air pressure. Be- 
fore chromatogarphy, sera were diluted with an equal 
volume of distilled water and dialyzed for two days 
against 3 to 6 L of 0.01 M phosphate buffer at pH 8.5 
to 9. In one instance, the euglobulin precipitate from 
the serum of a patient with macroglobulinemia was frac- 
tionated. This was prepared by 15-fold dilution of 4 ml 
of the serum with cold water. The precipitate formed 
was harvested by centrifugation, washed four times with 
cold water, dissolved in 0.01 M phosphate buffer at pH 
8.6 and chromatographed. 

Chromatographic fractionation was carried out at 
room temperature using relatively rapid flow rates of 1 
to 2 ml per minute as described previously (8). The pro- 
tein content of each effluent fraction was determined by 
measurement of ultraviolet absorption at 280 mu in the 
Beckman spectrophotometer. Readings were taken as 
fractions and were collected in order to follow the course 
of separation and to determine when a change in the elut- 
ing buffer was required. At the end of each chromato- 
graphic experiment, samples of each peak were concen- 
trated 10- to 100-fold by ultrafiltration through Mies 
collodion bags? to a final protein concentration of ap- 
proximately 1 per cent. Paper electrophoretic analysis 
was carried out in a Spinco (Durrum) apparatus at 
pH 86 (1/2 =0.075) for 16 hours at 120 v and 4 ma. 
After staining with bromphenol blue, paper strips were 
analyzed in a densitometer.* Ultracentrifugal analyses 
were carried out in the Spinco Model E analytical ultra- 
centrifuge at 59,780 rpm. The sedimentation constants 
reported were not corrected for concentration de- 
pendence. 

Precipitation and elution of the rheumatoid factor 
were carried out as previously described (8). 


1 Brown and Co., 500 Fifth Avenue, New York, N. Y. 
2 Schleicher and Schuell, Keene, N. H. 
8 Analytrol, Spinco, Palo Alto, Calif. 
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TABLE I 
Patients with hyperglobulinemia 


Total serum 
protein 


Diagnosis 


Serum gamma 


Serum albumin Serum globulin globulin 


Liver disease 
Primary amyloidosis 
Multiple myeloma 
Multiple myeloma 
Macroglobulinemia 
Macroglobulinemia 


YOO 


&% 
10.71 


* Represents per cent beta globulin; gamma globulin content was 0.05 g per cent. 


Rabbit antisera against normal human 7S and 19S 
gamma globulins (10) were used in capillary precipi- 
tin tests. The rabbit antiserum to 19S gamma globulin 
had been absorbed with human 7S gamma globulin prior 
to use. Both antisera were kindly provided by Dr. 
Edward C. Franklin of the Rockefeller Institute. 

The sera * investigated were obtained from one nor- 
mal individual and from patients with the following: 
lymphosarcoma, 1; liver disease [an atypical case of 
the syndrome described by Bearn, Kunkel and Slater 
(11)], 1; primary amyloidosis, 1; multiple myeloma, 2; 
and macroglobulinemia (WaldenstrOm syndrome), 2. 
Pertinent laboratory data on the patients enumerated are 
given in Table I. 


RESULTS 


Three types of chromatographic pattern were 
obtained with the sera investigated. In one type, 
represented by a normal serum and sera of pa- 
tients with ordinary hyperglobulinemia, substan- 
tially all of the gamma globulin was found in the 
first chromatographic peak eluted at pH 7. A 
second type, represented by a serum from a pa- 
tient with beta myeloma, was characterized by 
elevation of an intermediate peak eluted at pH 6. 
In the third type, which was obtained with sera 
from patients with macroglobulinemia, the major 
peak, composed mainly of macroglobulins, was 
eluted at pH 5 at the tail end of the chromato- 
grams. 

The first type of pattern is illustrated by sera 
obtained from patients with primary amyloidosis 
(Figure 1) and multiple myeloma (Figure 2). 
In both instances, the serum gamma globulin con- 

4The sera of the patients with multiple myeloma 
(M.K.), lymphosarcoma (V.H.), and one with macro- 
globulinemia (S.K.) were kindly provided by Dr. EI- 
lictt Osserman of Columbia University. The other 
macroglobulinemia serum (B.B.) was obtained through 


the courtesy of Dr. Gerald Weissman cf the Mt. Sinai 
Hospital, N. Y. 


centration was high (Table I) and was eluted al- 
most completely in the pH 7 peak. Little or no 
gamma globulin was found in subsequent chromato- 
graphic fractions (Figures 1 and 2, Table II). 
The same gamma globulin distribution was ob- 
served with a normal serum® and with the sera 
of one patient with lymphosarcoma and another 
with liver disease of the type described by Bearn, 
Kunkel and Slater (11). In all of these, the 
major portion of the gamma globulin was eluted 
in the pH 7 peak and was entirely of the 7S va- 
riety. The small amount of gamma globulin found 
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Fic. 1. CHROMATOGRAPHIC PATTERN OF SERUM FROM 
A PATIENT (J.C.) WITH PRIMARY AMYLOIDOSIS, AND 
PAPER ELECTROPHORETIC PATTERNS OF CHROMATOGRAPHIC 
FRACTIONS. Three ml serum on 6 g DEAE cellulose; 
5 ml fractions. 


5 Following submission of the manuscript of this paper, 
it was reported by Fahey and Horbett (12) that gamma 
globulin from normal individuals may be fractionated 
on DEAE cellulose into light and heavy components. 
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TABLE II 


Ultracentrifugal analysis of chromatographic fractions containing gamma globulin, normal serum, 
and hyperglobulinemia sera 


Sedimentation 


Elution constant of 


Diagnosis 


Effluent gamma globulins 


Molarity volume 


Normal subject 
Lymphosarcoma 
Liver disease 
Primary amyloidosis 


Multiple myeloma, 


Multicle zmyeloma, 
B type* 


0.01 
0.01 
0.01 
0.01 
0.15 
0.01 


0.01 
0.10 


measured. 


* An 18S gamma globulin component was noted in the fraction eluted at pH 5 (0.15M) but was too small to be 


t The group of components eluted at this pH had the electrophoretic mobility of beta globulin. 
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Fic. 2. CHROMATOGRAPHIC PATTERN OF MULTIPLE 
MYELOMA SERUM (M.K.) OF GAMMA TYPE, AND PAPER 
ELECTROPHORETIC PATTERNS OF CHROMATOGRAPHIC FRAC- 
TIONS. Two ml serum on 4 g DEAE cellulose; 5 ml 
fractions. 


in two instances in the pH 5 peak was of the 19S 
type. 

The second type of chromatographic pattern 
was obtained with the serum of a patient with 
beta multiple myeloma (Figure 3). The distin- 
guishing feature of this pattern is the great ele- 
vation in the pH 6 peak. In this instance, the 
pE 7 (0.01 ) peak was relatively small and con- 


Serum 


mys) 


° 


OPTICAL DENWS/TY (280 


1 1 1 
10 207304050 60 70 80 90 


TYBE NUMBER 


H6 aS 
Jom 

Fic. 3. CHROMATOGRAPHIC PATTERN OF MULTIPLE 
MYELOMA SERUM (C.R.) OF BETA TYPE, AND PAPER ELEC- 
TROPHORETIC PATTERNS OF CHROMATOGRAPHIC FRACTIONS. 
Two ml serum on 6 g DEAE cellulose; 5 ml fractions. 
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Fic. 4. CHROMATOGRAPHIC PATTERN OF SERUM FROM A PATIENT (B.B.) WITH 
MACROGLOBULINEMIA, AND PAPER ELECTROPHORETIC PATTERNS OF CHROMATOGRAPHIC 


FRACTIONS. 


sisted entirely of 7S gamma globulin. On ultra- 
centrifugal analysis, the pH 6 peak contained five 
components, one of which was albumin and the 
rest beta globulins by paper electrophoresis. The 


Two ml serum on 5 g DEAE cellulose; 4 ml fractions. 


sedimentation constants ranged between 6.3 and 
14S, the 6.3S being the major component (Table 
II). The pH 5 peak consisted almost entirely of 
beta globulins with sedimentation constants rang- 
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fic. 5. CHROMATOGRAPHIC PATTERN OF SERUM FROM A PATIENT (S.K.) WITH 
MACROGLOR’*"INEMIA, AND PAPER ELECTROPHORETIC PATTERNS OF CHROMATOGRAPHIC 


FRACTIONS. 


Four ml serum on 10 g DEAE cellulose; 4 ml fractions. 
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TABLE Ill 


Precipitation tests on chromatographic fractions using rabbit 
antiserum to 7S and 19S gamma globulin 


Effluent 
fraction 


Waldenstrém syndrome 
(Figure 4) 


Anti-7S Anti-19S 


Rheumatoid factor, 
F II precipitate 


Molarity Anti-7S {Anti-19S 


0.01 +++ 0 
0.025 ++ + 
0.10 + + 
0.30 +++ ++ 


+++ 0 


+++ +++ 


ing from 6.2S to 14S. The major ultracentrifugal 
component, comprising 55 per cent of the total 
protein of this peak, had an S rate of 8.6S (Table 
IT). 

Chromatograms of the third type, demonstrated 
by the sera of patients with macroglobulinemia 
(Figures 4 and 5), are characterized by the oc- 
currence of gamma globulins in each of the peaks 
and the presence of a large pH 5 peak composed 
mainly of gamma globulin. Ultracentrifugation 
of the whole serum of Patient B. B., of which 53 
per cent of the total protein was gamma globulin 
(Table I), indicated the presence of four compo- 
nents, one of which had a sedimentation constant 
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of 4S and three sedimentation constants of 8, 17, 
and 25S, respectively. The 17S component was 
the major component. Unlike those of the nor- 
mal, multiple myeloma, and other hyperglobu- 
linemic sera studied above, all chromatographic 
peaks, as mentioned, contained large amounts of 
protein with the electrophoretic mobility of gamma 
globulin. The protein of the pH 7 (0.01 M) peak 
was entirely gamma globulin, but too small in 
concentration to examine in the ultracentrifuge. 
It gave no reaction with an antiserum to 19S 
gamma globulin (Table III), but did react with 
an antiserum to 7S gamma globulin. The pH 7 
(0.025 M) and pH 6 peaks consisted mainly of a 
17S macroglobulin with small amounts of 8S and 
approximately 26S material. The pH 5 peak 
consisted mainly of an 18S component and was 
free of light gamma globulin. 

A second serum from a patient with macro- 
globulinemia (S.K., Figure 5) contained 67 per 
cent gamma globulin. On_ ultracentrifugation, 
there were five components, one of which had a 
sedimentation constant of 4.7S, the others hav- 
ing constants of 6.7, 17, 25, and 31S, respectively. 
The 17S component was the major gamma globu- 


TABLE IV 


Ultracentrifugal analysis of chromatographic fractions containing gamma globulin, macroglobulinemia sera 


Elution 


Sedimentation 
constant of 
Effluent gamma globulins 


Serum 


Patient 


Molarity 


% Total protein* 
of 


volume peak 


ml 


B. B. 2 0.01 


0.025 
0.10 


0.3 


r 


(Euglobulin 
fraction) 


ml 


40 


* In those instances where the total is not 100 per cent, the difference represents non-gamma globulin components. 
+ The euglobulin fraction was prepared from this volume of serum. 
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lin component, making up 40.5 per cent of the 
total protein of the serum. The pH 7 (0.01 M) 
peak consisted entirely of gamma globulin with a 
sedimentation coefficient of 6.38. The serum 
macroglobulins with sedimentation constants of 
approximately 18, 25, and 31S were found dis- 
tributed over the pH 6 and pH 5 peaks (Table 
IV). Other serum proteins were also eluted in 
the pH 6 and pH 5 peaks; beta globulin (4.9S) 
and albumin (3.8S) were eluted in the pH 6 
peak, and alpha globulins (3.6S) chiefly in the 
pH 5 peak. 

Thus, in the case of the macroglobulinemia 
sera, which contained little low molecular weight 
gamma globulin, the abnormal, heavy components 
. were distributed over a number of chromato- 
graphic peaks with the bulk of the gamma globu- 
lin appearing in the pH 5 peak, the last to be 
eluted. The first peak, eluted at pH 7.0, which 
contained 7S gamma globulin, was relatively 
small in size. This is in contrast to the results 
obtained with the serum of normal individuals, 
patients with rheumatoid arthritis (8), and the 
other hyperglobulinemic states described above. 


A clear demonstration of the chromatographic 
behavior of the macroglobulins was obtained on 
chromatography of the euglobulin fraction from 
the serum of Patient S.K. The pattern obtained 
showed only two major components, both of 
which appeared in the pH 5 peak and consisted 


entirely of gamma globulin. On ultracentrifugal 
analysis (Table IV), one fraction contained two 
components with sedimentation constants of 18 
and 25S, while the other contained three compo- 
nents with constants of 18, 25, and 32S. The 
relative amounts of these components in the sec- 
ond fraction, however, were different from those 
in the first fraction, a higher concentration of 
heavier components appearing in the second 
fraction. 

A definitive separation of gamma globulins of 
differing size was obtained with sera of patients 
with rheumatoid arthritis. The presence in such 
sera of the rheumatoid factor, a 19S gamma globu- 
lin (7), offered a unique opportunity to study 
this phenomenon. The factor was first precipi- 
tated from the serum by addition of human Frac- 
tion II and the precipitate washed and dissolved 
in 4 M urea. The urea solution was then applied 
to the DEAE cellulose column and the pattern 
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obtained (8) showed a distinct separation into two 
major peaks, eluted at pH 7 (0.01 M) and pH 5 
(0.3 M), respectively, each having the electro- 
phoretic mobility of gamma globulin. On ultra- 
centrifugal analysis, the first peak had a sedi- 
mentation constant of 7S and the second consisted 
almost entirely of 19S gamma globulin with no 
detectable 7S protein (8). No contamination of 
the 7S with 19S gamma globulin was detectable 
by immunochemical testing (Table III). Rheu- 
matoid factor activities including precipitation 
with Fraction II (13), agglutination of sensitized 
sheep cells (14), and agglutination of latex par- 
ticles (15, 16) were found only with the second 
or 19S peak. 

Immunological tests. Capillary precipitin tests 
performed on the chromatographic fractions ob- 
tained with the serum from a patient with macro- 
globulinemia (Figure 4) and from the precipitate 
between rheumatoid factor and Fraction II (8) 
are given in Table III. The rabbit antisera used 
(10) were: 7) an antiserum to 7S gamma globu- 
lin, and 2) an antiserum to 19S gamma globulin 
which, after absorption with 7S gamma globulin, 
reacts only with the macroglobulin. All of the 
fractions shown in Table III gave positive pre- 
cipitin tests with the 7S antiserum as might be 
expected, since all contained gamma _ globulin. 
The presence of macroglobulins, however, is 
clearly demonstrated only in the pH 7 (0.025 M), 
pH 6, and pH 5 peaks of Figure 4 and the pH 
5 peak of the rheumatoid factor-Fraction II pre- 
cipitate by the positive precipitin reactions ob- 
tained with the antiserum to 19S gamma globulin. 


DISCUSSION 


The gamma globulin of normal human serum 
consists of at least four ultracentrifugally distinct 
components with sedimentation coefficients of 7, 
19, 28, and 44S, respectively (3). The first two 
may be detected in unconcentrated serum and the 
latter two only after considerable enrichment. 
The experiments reported in this paper, a de- 
velopment of the chromatographic technique of 
Sober, Gutter, Wyckoff and ‘Peterson (2), pro- 
vide a basis for the separation of the 7S from the 
heavier gamma globulins. In the cases of normal 
sera; multiple myeloma sera; the sera from pa- 
tients with liver disease, lymphosarcoma, and 
primary amyloidosis; and the precipitate between 
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Fraction II and the rheumatoid factor, it was pos- 
sible to separate 7 and 19S gamma globulins in a 
single chromatographic step. The first peak ob- 
tained in each instance consisted entirely of 7S 
gamma globulin as shown both by ultracentrifuga- 
tion and immunological tests. Beyond this point, 
little or no gamma globulin was eluted except for 
the small amount, presumably macroglobulin, 
present at the tail end of the normal serum chro- 
matogram. 

Although the two multiple myeloma sera stud- 
ied contained considerable amounts of myeloma 
protein, these were eluted early in the chromato- 
graphic procedure. The protein of the gamma 
globulin type present in the serum of M.K. (Fig- 
ure 2) was eluted in the pH 7 peak, while the 
myeloma protein of the beta globulin variety in 
the serum of C.R. (Figure 3) was eluted mainly 
in the pH 6 peak, which has usually contained the 
beta zlobulins. These results are consistent with 
those reported by Fahey, McCoy and Goulian 
(17), and with the observations that myeloma 
proteins are of the low molecular weight variety 
(18). In contrast, the patterns obtained with 


the two macroglobulin-rich sera (Figures 4 and 5) 


show a series of peaks of which those eluted last 
tend to be large and contain a large amount of 
gamma globulin. In this respect, the patterns 
differ markedly from those obtained with normal 
and ordinary hyperglobulinemic sera (Figures 
l and 2). 

The ultracentrifugal analysis of the chromato- 
graphic fractions of the sera from patients with 
macroglobulinemia is of particular interest. In 
general, the pH_ 5 peak, the last to be eluted, con- 
tains high molecular weight gamma globulin but 
no gamma globulin of the 6S to 8S variety. Sub- 
stantially all of the latter protein is found in the 
early peaks and usually in the pH 7 (0.01 M) 
peak, the first to be eluted. Analysis of the indi- 
vidual peaks from the macroglobulin-rich sera 
showed that the gamma globulin fraction of all 
of the peaks whic# Contained macroglobulin con- 
sisted mainly of a 15 to 18S component with 
smaller amounts of heavier components. 

The elution of mixtures of macroglobulins 
with a similar distribution of S rates in separate 
chromatographic peaks was observed in some 
experiments. Particularly striking is the com- 
parison of the pH 7 (0.025 M) and the pH 6 
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(0.1 M) peaks of Patient B.B. (Figure 4, Table 
IV), which shows that the only significant dif- 
ference in composition of the two peaks is the 
presence of a larger percentage of 7S gamma 
globulin in the pH 7 peak. On the basis of previ- 
ously reported observations on the chromato- 
graphy of human serum albumin (19), it is sug- 
gested that the proteins eluted in the pH 7 peak 
may represent macroglobulins present in excess 
of the binding capacity of the column at the buf- 
fer concentration used to elute this peak. 

The mechanism responsible for the separation 
of the macroglobulins from 7S gamma globulins 
on DEAE cellulose is not clear. The tendency 
of the heavy proteins to appear in chromato- 
graphic eluates of higher salt concentration than 
those in which 7S gamma globulin is eluted, even 
when the pH of the eluting buffer is kept constant 
(8), may be dependent on a number of factors. 
Evidence against the possibility that solubility 
plays an important part is the observation that the 
chromatographic patterns of the macroglobuline- 
mic sera were similar despite the fact that one 
serum (S.K.) gave a heavy euglobulin precipitate 
on dilution with water, while the other (B.B.) 
gave none. ; 

The increased affinity of the high molecular 
weight gamma globulins for DEAE cellulose may 
be based upon at least two factors which differen- 
tiate these proteins from the 7S gamma globulins. 
One is their higher carbohydrate content (20), 
and the other their greater total charge. Since the 
19S gamma globulins consist of six or more 7S 
molecules, the total charge on the macroglobulin 
would be greater than that of its individual 7S 
constituents. It is also possible that the high mo- 
lecular weight gamma globulins have greater net 
charge, but because of differences in the shapes 
of the molecules and resultant differences in re- 
sistance to flow, the electrophoretic mobility is 
similar in magnitude to that of 7S gamma globu- 
lin. These properties could be responsible for 
both increased electrostatic and molecular binding. 
It is noteworthy that in experiments using the ca- 
tion exchanger, carboxymethyl cellulose, 19S 
gamma globulin was bound so firmly that it could 
be eluted completely only after elution with 0.1 M 
sodium hydroxide. This suggests that non-ionic 
forces play an important role in the binding of the 
macroglobulins. 
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While it has been possible to separate 7S and 
19S gamma globulins effectively by the technique 
described, little can be said about the separation 
from each other of the minor gamma globulin 
constituents of larger molecular size. Though 
fractionation of the 17S, 25S, and 30S components 
was achieved (Table IV), complete separation of 
these components from one another was not ef- 
fected. It should also be mentioned that the dif- 
ference in chromatographic behavior observed 
with gamma globulins of different size may even- 
tually be demonstrable among the other serum 
proteins which are heterogeneous on ultracen- 
trifugal analysis; i.e., the 5S and 12S beta globu- 
lins and 4S and 19S alpha-2 globulins (3). 


SUMMARY 


1. Gamma globulin has been separated on 
DEAE cellulose into components which differ in 
molecular size. 

2. When sera from patients with liver disease, 
lymphosarcoma, primary amyloidosis, multiple 
myeloma, and macroglobulinemia were studied, 
the appearance of the chromatographic pattern of 


the serum on DEAE cellulose in conjunction with 
paper electrophoresis made it possible to detect 
the presence of increased amounts of macroglobu- 
lins. It has been possible in this way to differenti- 
ate between the chromatographic patterns of dis- 
eases with ordinary hypergammaglobulinemia 
(including multiple myeloma) and macroglobu- 
linemia. 

3. The chromatographic method employed of- 
fered a means of preparing 7S gamma globulin 
free of heavier molecular species. In the case 
of the rheumatoid factor, the 19S gamma globulin 
has been prepared free of the 7S variety. 
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The stop flow technique has afforded a rela- 
tively simple method for the localization of cer- 
tain renal tubular functions (1-3). However, as 
previously indicated by Pitts, Gurd, Kessler and 
Hierholzer (2), the method has certain technical 
shortcomings. As a result of contamination of 
initial specimens by preformed urine in the renal 
pelvis, admixture of specimens in the pelvis dur- 
ing outflow, and variations in nephron length, 
some lack of precision in localization is inevitable. 
In addition, water reabsorption in the distal tu- 
bular system may lead to displacement of the in- 
tratubular fluid column toward a more distal site 
(4), and consequently distort the various con- 
centration patterns. This latter process is mini- 


mized, however, during mannitol diuresis, because 
of the limited movement of water out of the tu- 


bular lumen (5, 6). Finally, any specimen 
trapped within the tubule, proximal to the termi- 
nal collecting duct, may be modified during its 
subsequent passage through the nephron after re- 
lease of ureteral occlusion. Consequently, accu- 
rate quantification of the movements of water and 
electrolytes, particularly in specimens derived 
from the proximal tubule, is impossible. 

In the present study, attention has been focused 
on events which occur in the distal portion of the 
tubular system, the collecting ducts and the distal 
convolutions, during the period of stop flow. Ex- 
periments have been conducted during water, 
sodium chloride, sodium sulfate, and mannitol diu- 
resis. This has permitted the testing of certain 
previously proposed hypotheses derived from stop 
flow experiments performed exclusively during 
mannitol diuresis. Investigation of the concen- 
trating mechanism has also been possible, a pro- 
cedure largely precluded in stop flow experiments 
conducted during hypertonic mannitol diuresis. 

The dead space within the renal pelvis, com- 
prising 2 to 3 ml of urine, considerably distorts 


the concentration patterns in specimens from the 
distal tubular segments. This is partially offset 
in experiments performed during mannitol diu- 
resis because of the large volume of fluid (up to 
20 ml) obtained prior to the appearance of new 
glomerular filtrate. Thus each tubular segment 
has a large volume representation in the collected 
outflow. During water or sodium chloride diu- 
resis, however, in which the comparable volume 
is of the order of 3 to 7 ml, the pelvic dead space 
constitutes a major restriction to accurate studies. 
Consequently, a means of eliminating this dead 
space has been devised, and is utilized in the pres- 
ent experiments. In addition, a method for la- 
beling fluid from the region of the distal convo- 
luted tubule (analogous to the use of para-amino 
hippurate to tag proximal urine) has been uti- 
lized in order to obtain more precise localization 
of the various distal tubular functions. Data 
concerning the relative locations and interrela- 
tionships of sodium, chloride, potassium, and wa- 
ter movements have been obtained. 


METHODS AND PROCEDURE 


With the exception of the modifications to be de- 
scribed, the basic technique as first proposed by Malvin, 
Sullivan and Wilde was employed (7). All experiments 
were performed on female mongrel dogs, anesthetized 
with intravenous pentobarbital or thiopental. The latter 
was used in all experiments in which a water diuresis 
was produced (8). 

The left ureter was catheterized through a flank in- 
cision. The pelvic dead space was obliterated by the 
following procedure. At the time of operation, the shaft 
of a short no. 23 needle, attached to a length of no. 50 
polyethylene tubing (Intramedic), was inserted through 
the renal parenchyma into the kidney pelvis. The pelvic 
catheter was led out through the skin incision, which was 
closed with clips. Just prior to the time of occlusion the 
ureteral catheter was attached to a needle on a stopcock 
(stopcock no. 1 in Figure 1) and the urine was allowed to 
escape through the side arm. As shown in Figure 1, the 
other end of this stopcock (no. 1) was attached to an- 
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Fic. 1. APPARATUS USED FOR URETERAL OCCLUSION. 


other stopcock (no. 2) which had been modified so that 
all three openings intercommunicated freely. To the side 
arm of stopcock no. 2 was attached a syringe filled with 
mineral oil, stained with Sudan Black. The distal open- 
ing was connected to a mercury manometer. Immedi- 
ately prior to stopping flow, 20 ml of air was rapidly in- 
jected into the pelvic catheter and allowed to escape 
through the side arm of stopcock no. 1. This served 
to wash the urine out of the renal pelvis and ureteral 
catheter. Stopcock no. 1 was then turned so that the 
ureteral catheter communicated with stopcock no. 2, 
and mineral oil was injected from the syringe until a 
pressure of 100 to 110 mm of mercury was attained. 
This procedure was completed within five seconds of 
starting the air washout. Any residual air or urine 
within the renal pelvis was allowed to reflux through 
the pelvic catheter, which was clamped when only min- 
eral oil was refluxing. The above pressure was main- 
tained throughout the stop flow period, thus preventing 
entrance of newly formed urine into the pelvis from the 
kidney. 

At the time the flow was started, the initial urine 
was collected by allowing it to pass serially into several 
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lengths of no. 200 polyethylene tubing. Approximately 
the first 2.0 ml of urine was collected in this fashion. 
Subsequent 0.5 ml samples were collected in small test 
tubes. The initial urine was easily distinguished from 
the colored mineral oil, with which it was often admixed. 
Serial 0.17 ml specimens were removed from the tubing 
by measuring the proper fluid column lengths, clamping 
and cutting the tubing, and transferring the specimens 
to small plastic containers. 

In order to localize the concentration patterns ob- 
served in relation to the distal convoluted tubule, an at- 
tempt was madc to label the urine contained within the 
renal cortex during the occlusion period. A small (no. 
23) needle tip connected to a length of no. 50 poly- 
ethylene tubing was introduced into the superficial renal 
cortex at the time of operation. The needle was passed 
along under the kidney capsule, about 2 mm below the 
surface, and remained in situ throughout the balance of 
the experiment. During the occlusion period, one min- 
ute prior to starting the flow, 50 to 100 we of K“CI con- 
tained in not more than 0.1 ml of water was injected 
through the catheter into the renal parenchyma. The stop 
flow specimens were subsequently counted in a well-type 
scintillation counter. It was postulated that a portion of 
the injected K* would diffuse into the adjacent renal tu- 
bules during the one minute period prior to starting the 
urine flow, and that the isotope would thus label urine 
contained within the contiguous renal cortex during the 
occlusion period. The absence of isotope in the first 
specimens collected indicated that these came from the 
medullary or inner cortical portion of the distal tubular 
system. As shown in Figures 3 and 4, the K® appeared in 
a sharp peak and then diminished, presumably because 
of more rapid urinary transit through the area containing 
the isotope, and because of removal of isotope in the 
renal circulation. 

In all experiments, inulin was infused at a constant 
rate for at least one hour prior to ureteral occlusion. 
Creatinine was injected intravenously one minute before 
starting flow, in order to label new glomerular filtrate 
(1). Specimens were analyzed for freezing point de- 


TABLE I 


Changes in osmolality and inulin concentration in stop flow experiments conducted during water diuresis* 


Sustaining infusion 


Stop flow 
Free urine flow maximum values 


Weight 


Plasma 


U/P 
osmolality 


inulin 


U/P 


inulin Uos 


ml/min 


4.0 


kg 
16.3 


9.7 3.7 


R 13.7 7.3 30 NaCl 


10 KCI 


114 234 299 


419 


286 263 


weight. 


= 
4 
Ne 
+ 
at Dog Rate tion Rate 
B = 30 NaCl 3.95 11.8 39 
10 KCl 
— I 60 NaCl 15.0 153 126 267 
10 KCI 
te * Each dog received an initial intravenous water load (2.5 per cent glucose in water) of 3.0 to 3.7 per cent of body pete 
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TABLE II 


Changes in urine osmolality during ureteral occlusion in water loaded dogs infused with isotonic electrolyte solutions* 


Sustaining infusion 


Stop flow 
Plasma Maximum 


Free urine flow 


Rate Composition 


Rate Uos 


osmolality Uos 


ml/min mEq/L 
6.0 120 NaCl 
20 KCl 


6.0 110 NaCl 
30 KCl 


6.0 80 NaCl 
60 KCI 


4.15 165 282 


ml/min 
5.0 150 285 


328 


414 


4.70 202 273 579 


* Each dog received an initial intravenous water load (2.5 per cent glucose in water) of 3.9 to 4.1 per cent of body 


weight. 


pression, and for concentrations of inulin, creatinine, so- 
dium, potassium, and chloride. Plasma electrolytes, os- 
molality, and inulin concentration were also determined. 
Blood was withdrawn just prior to or immediately after 
the occlusion period. For the sake of uniformity a stop 
flow period of eight minutes was utilized in all ex- 
periments reported herein. Two control (free flow) 
clearance periods were collected immediately before 
and shortly after each stop flow period. 

Two groups of dogs were given initial intravenous 
water loads, and subsequently infused with either hypo- 
tonic or isotonic electrolyte solutions. The infusion data 
from these studies are detailed in Tables I and II. The 
procedure on animals given hypertonic sodium chloride 
solution is summarized in Table III. Two dogs were 
given sodium sulfate, 120 mmoles per L, and potassium 
chloride, 40 mEq per L, at rates of 6.0 ml per minute. 
Each also received acetazolamide; a 100 mg priming 
dose, one hour before stopping flow, and a sustaining 
dose of 10 mg per kg of body weight per hour. 

Urine and plasma osmolality was determined by the 
method of Bowman, Trantham and Caulfield (9). A 
special adapter was used for determinations of the 0.17 
ml samples. Inulin, creatinine, and electrolytes were 
measured by methods previously outlined for this labora- 
tory (10). 


RESULTS 
I, Osmolality and inulin concentrations 


A. Water diuresis. Figure 2 depicts the re- 
sults of an eight minute period of stop flow per- 
formed during a brisk water diuresis. In the first 
specimen collected, representing the most distal 
portion of the tubular system, osmolality and the 
urine to plasma concentration ratio for inulin 
(hereafter designated as U/P inulin) are mark- 
edly increased above the corresponding free flow 
(control) levels. Both values decrease sharply in 
specimens from less distal segments of the tubule. 
The concentration curves, plotted on a propor- 
tional scale, diminish in a parallel fashion in speci- 
mens derived from the distal tubular segments. 
An essentially identical pattern has been observed 
in two other dogs similarly water loaded and in- 
fused with hypotonic electrolyte solutions. Maxi- 
mal osmolality and U/P inulin always appeared 
in specimens from the most distal tubular seg- 
ment. These data are summarized in Table I. 


TABLE 


Changes in osmolality and inulin concentration in stop flow experiments conducted during sodium chloride diuresis 


Free urine flow 


Stop flow 
maximum values P 
Site of 


Infusion* 


U/P 
Weight rate Rate inulin 


maximal 
U/P inulin 


Plasma 
osmolality 


U/P 
inulin Uos 


ml/min 


kg ml/min 


& 14.3 6.0 
G 10.7 4.0 
M 11.9 6.0 


* Infusion of sodium chloride, 200 mEq per L. 


= 
7 
Dog 
Uos 
| 
3.26 14.4 
f 507 
38 
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Fic. 2. Stop FLOW STUDY CONDUCTED DURING WATER 
pDIURESIS (DOG B). In this and subsequent figures, the 
most proximal stop flow specimen is arbitrarily desig- 
nated as that which contained approximately 50 per cent 
of the peak concentration of creatinine (2). Subse- 
quent specimens represent predominantly new glomeru- 
lar filtrate, and are not plotted. The total cumulative 
volume, plotted along the lower abscissa, includes the 
most proximal specimen, according to the above desig- 
nation. For the sake of comparison between studies, the 
cumulative volume is divided into percentages of total 
volume, and plotted along the upper abscissa. 


Maximal osmolality achieved during stop flow 
varied, but appeared to be directly related to the 
previous control urine osmolality. A similar re- 
lationship was observed in three other dogs which 
were initially water loaded and subsequently in- 
fused with isotonic electrolyte solutions (Table 
II), and in dogs infused with hypertonic sodium 
chloride solution (Table IIT). 

B. Solute diuresis. Three dogs were infused 
with hypertonic sodium chloride solution (200 
mEq per L) and stop flow performed when a sol- 
ute diuresis had been established. A representa- 
tive experiment is shown in Figure 3, and the 
data from all experiments are summarized in 
Table III. In each case urine osmolality was 


maximal in the most distal specimen. Only a 
gradual fall in osmolality occurred in specimens 
from the more proximal segments of the tubule. 
The pattern of U/P inulin concentration differed 
strikingly from that observed during water diure- 
sis. A maximum concentration does not occur 
in the most distal specimen. There is instead a 
marked concentration peak in specimens from a 
more proximal portion of the tubular system (Fig- 
ure 3). This has been a constant finding in all 
dogs infused with hypertonic sodium chloride 
solution, and presumably secreting endogenous 
vasopressin. As shown in Table III, the U/P 
inulin peak appears when between 28 and 38 per 
cent of the total fluid, up to the appearance of 
new glomerular filtrate, has been collected. A less 
striking and more diffuse peak was observed 
following ureteral occlusion performed during 
infusion of 120 mmoles per L Na,SO, (Figure 
4), and 2 per cent mannitol with 200 mEq per 
L NaCl. This peak was virtually absent during 
hypertonic mannitol diuresis (Figure 5). 
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Fic. 3. Stop FLOW STUDY CONDUCTED DURING HYPER- 
TONIC SODIUM CHLORIDE INFUSION (DOG M)._ Infusion: 
200 mEq per L of NaCl; rate=6.0 ml per minute. K® 
plotted as counts per minute on a relative scale. 
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Further localization of the site of concentration 
of inulin is provided by relating this area to the 
concentration patterns for the various electrolytes 
during stopped flow. In each experiment maxi- 
mum inulin concesitration occurred at the site of 
the lowest chloride concentration, when the latter 
was divided by U/P inulin to correct for changes 
in water content within the tubular fluid. That 
this relationship is not solely due to the high 
U/P inulin in those specimens is indicated by the 
fact that the lowest absolute concentrations of 
sodium and chloride occurred in the same or ad- 
jacent specimens. It is therefore apparent that 
during stop flow considerable reabsorption of 
sodium chloride occurs in an area identical to or 
in close proximity to the site of maximal concen- 
tration of inulin. Another method for the locali- 
zation of these effects has been the intracortical 
injection of K*Cl during stop flow. This has 
been done during sodium chloride and sodium 
sulfate diuresis. In each case (Figures 3 and 4) 
the appearance of high K* activity coincided 
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lic. 4. Stop FLOW STUDY CONDUCTED DURING SODIUM 
SULFATE DIURESIS (DOG P). Infusion: 120 mmoles per 
L Na,SO,, 40 mEq per L of KCI, plus acetazolamide; 
rate = 6.0 ml per minute. 
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Fic. 5. Stop FLOW STUDY CONDUCTED DURING MAN- 
NITOL DIURESIS (DOG K). Infusion: 15 per cent man- 
nitol plus 30 mEq per L of NaCl; rate = 10 ml! per min- 
ute. 


with the area of maximum inulin concentration. 
This suggests that the site of concentration of 
inulin was in that segment of the distal nephron 
contained within the renal cortex, the distal con- 
voluted tubule. 


II. Concentration patterns of electrolytes during 
stop flow 


A, Sodium and chloride. The concentration 
patterns for sodium and chloride shown in Fig- 
ure 3 are characteristic of those observed during 
stop flow performed during sodium chloride 
diuresis. As has been noted, minimal concen- 
trations are observed in or closely adjacent to 
those samples in which U/P inulin and K*® ac- 
tivity are at a maximura. More distal specimens 
contain a higher concentration of these ions. A 
similar pattern of distal sodium chloride concen- 
trations is present in dogs infused with hyper- 
tonic mannitol (Figure 5). 

During stop flow, the sodium and _ chloride 
concentrations, corrected for inulin, are consider- 
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ably lower in the most distal specimen than in the 
previous control urine. The absolute concentra- 
tions, that is, uncorrected for inulin, may be lower 
than the control values in experiments done dur- 
ing mannitol diuresis (Figure 5). These ob- 
servations suggest that reabsorption of sodium 
chloride occurs throughout the collecting duct. 
However, this concentration difference might also 
be explained by expansion of the intratubular 
volume in the most distal segment by fluid from 
a more proximal area, which had been exposed 
to the region of sodium transport and therefore 
contained very low concentrations of sodium and 
chloride. Consequently, these data can not be 
interpreted as unequivocal evidence for sodium 
and chloride reabsorption in the terminal part of 
the collecting duct system. 

Because of difficulties in interpretation, the pat- 
terns of sodium and chloride concentration from 
specimens derived from the proximal convoluted 
tubule during stop flow are not dealt with in this 
report. 

B. Potassium. A distal secretory site for po- 
tassium can be readily demonstrated by the stop 
flow technique. To facilitate the attainment of 
U/P potassium over U/P inulin ratios greater 
than 1, the sodium salt of a nonreabsorbable anion 
has been infused. Figure 4 shows the result of a 
study in which 120 mmoles per L of Na,SO, and 
40 mEq per L of KCl, as well as acetazolamide, 
were infused. The U/P potassium concentration 
ratio, corrected for inulin, rose to a value exceed- 
ing 4.0 in the distal tubule, considerably above 
the free flow ratio of 1.3. K* was injected into 
the renal cortex during the period of ureteral oc- 
clusion. The corrected potassium concentration 
exceeded free flow values in all specimens from 
the distal 40 per cent of the tubular system, in- 
cluding those in which K* activity was maximal. 
As shown in Figure 4, the maximum potassium 
concentration appeared distal to the isotope peak. 
The data suggest that secretion of potassium oc- 
curred in the distal convoluted tubule and at a 
more distal site, in the collecting ducts. 

In both experiments in which sodium sulfate 
was infused, that specimen containing the high- 
est U/P potassium over U/P inulin ratio also 
contained the highest absolute potassium concen- 
tration. As shown in Figure 3, a maximum po- 
tassium concentration is observed during sodium 
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chloride diuresis which corresponds closely in lo- 
cation to that occurring during sulfate infusion. 
Whereas correction for inulin concentration ob- 
literates this peak observed during sodium chloride 
diuresis, it is probable that this correction, as ap- 
plied to potassium, is misleading. As the fluid in 
that segment of the tubule in which potassium 
secretion occurs remains in prolonged contact 
with the epithelium, during stop flow, it is prob- 
able that some maximal intraluminal potassium 
concentration is achieved. If so, the absolute po- 
tassium concentration, at the site of secretion, is 
independent of the movement of water out of the 
tubule, and thus of the intraluminal inulin con- 
centration. Consequently, the absolute potas- 
sium concentration in distal tubular specimens 
may well be more representative of events occur- 
ring within the tubular lumen during the period 
of ureteral occlusion than are the “corrected” 
values. 

As shown in Figures 3 and 4, the potassium 
concentrations in specimens from the most distal 
portion of the tubule are considerably higher than 
those observed in the previous control periods. 
This suggests that secretion of potassium occurs 
throughout the collecting duct system, but, as 
with the question of sodium chloride reabsorption 
in that area, the possibility that reabsorbed water 
from the most distal specimens has been replaced 
by potassium-rich fluid from higher in the tubule 
cannot be excluded. The data suggest that the 
site of maximal secretion is proximal to the termi- 
nal collecting ducts, and includes the distal con- 
voluted tubule. 

In stop flow performed during mannitol diu- 
resis, the potassium concentration remains at low 
levels throughout the distal tubular system (Fig- 
ure 5), and no peak comparable to that observed 
in sodium sulfate or sodium chloride diuresis is 
seen. The lowest concentrations occur in those 
specimens in which the sodium and chloride con- 
centrations are at a minimum. In _ contrast, 
maximum potassium concentrations are observed 
in the same or in a closely adjacent area when 
ureteral occlusion is carried out during sodium 
chloride or sulfate diuresis. 


DISCUSSION 


As stated previously, the technical shortcom- 
ings of the stop flow method preclude precise lo- 
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calization of certain tubular functions. During 
experiments performed during water or sodium 
chloride diuresis, it is expected that reabsorption 
of water in the distal tubular segments will re- 
sult in a movement of the intratubular fluid col- 
umn in a distal direction during the period of stop 
Consequently various concentration pat- 
terns are best evaluated in relation to one an- 
other rather than in relation to their absolute 
location among the serial specimens collected af- 
ter release of occlusion. An attempt at absolute 
location of functions occurring in the distal con- 
voluted tubule has been made by the use of K* 
labeling, however. Some movement of labeled 
fluid from the distal convolution toward a more 
distal site might be anticipated because of con- 
tinued water reabsorption in the latter area. It 
has been observed, however, that the initial iso- 
tope peak appears at essentially the same point 
in water diuresis (38 per cent of the total tubular 
volume) as in sodium chloride or sulfate diuresis, 
despite the fact that relatively more water reab- 
sorption occurs in the terminal collecting ducts 
during water diuresis, as evidenced by the marked 
increment in inulin concentration in the initial 
stop flow specimens. This suggests that the 
short time interval between injection of the iso- 
tope and starting urine flow minimizes migra- 
tion of the labeled tubular fluid. 

It is generally agreed that vasopressin increases 
water permeability in the distal convoluted tu- 
bule where osmotic equilibration of hypotonic 
precursor fluid with isotonic interstitial fluid and 
plasma results (11). Presumably vasopressin 
has a similar effect in the collecting ducts, where 
concentration of the urine is achieved by diffu- 
sion of water along an osmotic gradient created 
by the transport of sodium into the medullary in- 
terstitial fluid. The present data are fully com- 
patible with the view that vasopressin has such 
an action in the distal convoluted tubule. The 
marked rise in inulin concentration during the pe- 
riod of ureteral occlusion (Figure 3) denotes a 
considerable loss of water from the tubule lu- 
men, and the data suggest that this has occurred in 
the region of the distal convolution. In contrast 


flow. 


to this effect observed during hypertonic sodium 
chloride infusion, no similar peak in inulin con- 
centration occurs during water diuresis (Figure 


In fact, the absence of a detectable increase 
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in U/P inulin in the area of the distal convolu- 
tion suggests a high resistance to net water move- 
ment in that area when vasopressin is absent. 
During ureteral occlusion in dogs undergoing 
sodium chloride diuresis the maximal inulin con- 
centration attained is 8 to 16 times greater than 


the free flow value. This increment can not be 
solely accounted for by osmotic equilibration of 
hypotonic precursor fluid with an isotonic inter- 
stitium (11, 12). The observation that sodium 
was reabsorbed in the same segment of the tubule 
appears to explain the marked increase in inulin 
concentration in samples from that area. Water 
diffuses out of the tubules, in the presence of vaso- 
pressin, as sodium chloride is transported out of 
the tubular fluid. A process comparable to that 
occurring in the proximal tubule is envisioned ex- 
cept that in the distal tubule the capacity for out- 
ward transport of sodium (or a restricted back 
diffusion) allows for more complete removal of 
sodium from the tubular fluid. 

The association, apparently in the region of 
the distal convoluted tubule, of vasopressin-sen- 
sitive water permeability and a mechanism ca- 
pable of transporting sodium (chloride) against 
a high electrochemical gradient has important 
implications concerning the ability of the kidney 
to elaborate a highly concentrated urine. These 
processes, acting in conjunction, will result in a 
considerable reduction in the volume of fluid de- 
livered to the collecting ducts. The water reab- 
sorbed in the process is readily removed by the 
vascular supply of the renal cortex. On the other 
hand, water diffusing from the collecting ducts 
will dilute the medullary interstitial fluid, and 
tend to dissipate the osmotic gradient created by 
the active transport of sodium into this area. 
Therefore, at any constant degree of water perme- 
ability of the collecting ducts, and constant rate 
of sodium transport into the medulla and blood 
flow through the capillary loops, the final osmo- 
lality of the urine will tend to vary inversely with 
the volume of fluid entering the collecting duct 
system per unit of time. Removal of water in 
the distal convolution also results in an increased 
urea concentration in the fluid entering the con- 
centrating area. This will in turn effect an in- 
creased rate of diffusion of urea into the medul- 
lary interstitial fluid, with a resultant increase 
in its osmolality and that of the final urine (13). 
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The relationship between the volume of fluid 
delivered to the collecting ducts and the final 
urine osmolality is emphasized by the studies of 
Berliner and Davidson (10). Hypertonic urine 
was elaborated, despite the absence of vasopressin, 
when filtration rate was sufficiently reduced in 
one kidney by controlled constriction of the renal 
artery. It was concluded that this procedure re- 
sulted in the delivery to the collecting ducts of a 
small volume of dilute urine, and that sufficient 
equilibration with a hypertonic interstitial fluid 
occurred to result in the excretion of hypertonic 
urine. That diffusion of water across the col- 
lecting ducts may occur in the absence of vaso- 
pressin is further indicated by the present study. 
The marked rise in U/P inulin and osmolality 
observed in ureteral occlusion performed during 
water diuresis indicates that water diffused from 
collecting ducts to interstitium along an osmotic 
gradient. It is probable that this gradient was 
higher in water diuresis than in sodium chloride 
diuresis, because of the low osmolality of the tu- 
bular fluid in the former. As a result, the inulin 
concentration in the most distal specimen showed 
a greater increment above control levels in water 
diuresis (Figures 2 and 3). 

During mannitol diuresis, because of the pres- 
ence of nonreabsorbable solute, water movement 
out of the distal convoluted tubule, as well as the 
proximal tubule, is minimized, and a large volume 
of fluid enters the collecting duct system per unit 
of time. The rate of movement of water out of 
the collecting ducts into the medulla attains maxi- 
mal values (14), and sodium and urea are washed 
out of the interstitial fluid (6,15). The resultant 
decrease in osmolality of the interstitial fluid ac- 
counts for the limited osmolar U/P ratio attain- 
able during mannitol diuresis and for the failure 
to achieve a significant increase in osmolality dur- 
ing ureteral occlusion. It has recently been pro- 
posed (6), however, that the latter observations 
can be accounted for by a decreased efficiency of 
the medullary countercurrent multiplier mecha- 
nism, resulting from a high rate of urine flow 
through the loops of Henle. According to this 
hypothesis, the resultant fall in osmotic gradient 
within the renal medulla leads to diminished water 
reabsorption from the collecting ducts, a con- 
clusion which is incompatible with the high rates 
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of solute-free water abstraction generally ob- 
served during mannitol diuresis. 

The stop flow technique does not appear to de- 
marcate processes occurring in the loops of Henle. 
Micropuncture studies have demonstrated that 
fluid entering the distal convolution is hypotonic 
to plasma, regardless of the final concentration 
of the urine (11, 12). No hypotonic samples ap- 
pear in occlusion studies performed during NaCl 
diuresis, however, presumably because the fluid 
must subsequently pass through the distal con- 
volution and the collecting ducts, where concen- 
tration occurs. The present technique does not 
distinguish a distinct area of sodium transport cor- 
responding to that thought to be present in the 
ascending limb of Henle’s loop (11). It instead 
suggests that this area is directly contiguous 
with the sodium transport mechanism present in 
the distal convoluted tubule. 

The present study is compatible with sodium 
chloride reabsorption in the collecting ducts, in 
accord with the observations of Hilger, Klumper 
and Ullrich, obtained by microcatheterization of 
the collecting ducts of the hamster (1€ . Utiliz- 
ing two catheters, fluid samples were withdrawn 
from two different sites at accurately determined 
distances from the tip of the papilla. Concentra- 
tion differences between the proximal and distal 
samples were interpreted as representing altera- 
tions in the tubular fluid imposed by diffusion or 
active transport across the collecting duct epithel- 
ium. In repeated observations, the more distal 
specimen contained a higher inulin concentration 
and a lower sodium concentration than the sample 
obtained at a more proximal site. This was in- 
terpreted as evidence of active transport of so- 
dium, although whether this was exclusively by 
means of cation exchange or transport in associa- 
tion with an anion, was not established. The pos- 
sibility that sodium chloride transported from the 
collecting ducts contributes to the establishment of 
the osmotic gradient necessary for the concentra- 
tion of the urine has therefore been considered. 
Outward transport of sodium chloride will dilute 
the remaining tubular fluid unless it is accom- 
panied by water, in which case no change in os- 
molality will occur. It is possible that sodium 


transported from the collecting ducts contributes 
to the total sodium content of the medulla, but 
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only that part of the interstitial sodium trans- 
ported from some portion of the tubule which is 
relatively impermeable to water (such as the as- 
cending limb of the loop of Henle) can be re- 
sponsible for the establishment of the high sodium 
concentration necessary for the concentrating 
process. Sodium transport from the collecting 
duct may effect water removal from the tubular 
lumen, by the same process postulated for the dis- 
tal convolution, and thus result in the delivery of 
a smaller volume of urine to the distal portion of 
the collecting duct system. Analyses of slices 
from concentrating kidneys (15, 17) indicate that 
urea reaches ever higher concentrations as the 
tip of the papilla is approached, indicating that 
urinary concentration proceeds in a progressive 
fashion down the medulla and that the maximum 
concentration is achieved at the terminal end of 
the duct system. Consequently, any process which 
progessively reduces the volume of tubular fluid 
during its transit down the collecting duct will 
enhance the degree of hyperosmolality attained in 
the final urine. 

Previous studies, using the stop flow technique, 
have indicated a distal secretory site for potas- 
sium (2, 18). The present data are in accord 
with these observations. It has been suggested 
that a reabsorptive mechanism for potassium also 
exists in the distal nephron (18-20). This con- 
clusion is based on the observation that, during 
mannitol diuresis, low potassium concentrations 
are found in specimens from the distal system. 
Similar observations during mannitol diuresis 
have been made in this laboratory. This finding 
presents an apparent paradox, since a secretory 
site can apparently be demonstrated in the same 
or in a closely contiguous area under other con- 
ditions. It is worthy of note, however, that the 
low potassium concentrations noted during man- 
nitol diuresis are present in the same specimens 
which contain the lowest concentrations of sodium 
and chloride, and that the latter ions are virtually 
completely removed from distal urine in ureteral 
occlusion performed during mannitol diuresis. 
This association suggests that, if, as considerable 
evidence suggests (21, 22), potassium secretion 
occurs as a cation exchange process, the virtual 
absence of an exchangeable cation (Na) precludes 
appreciable potassium secretion into this urine 
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specimen as it subsequently flows past the potas- 
sium secretory site. On the other hand, when 
NaCl or Na,SO, is infused, the concentration of 
sodium in the tubular fluid never attains extremely 
low levels. Thus, in NaCl diuresis a concentra- 
tion peak for potassium can be demonstrated in 
proximity to, and perhaps slightly distal to, the 
distal site of maximal NaCl transport. In Na,SO, 
diuresis, secretion unequivocally occurs in the 
same area. It appears most likely then, that 
rather than demonstrating a distal reabsorptive 
site for potassium, ureteral occlusion during man- 
nitol diuresis produces a change in the tubular 
fluid which prevents subsequent potassium secre- 
tion into a segment of the trapped fluid. 


SUMMARY 


1. Utilization of a modified technique for stop 
flow analysis has permitted study of distal renal 
tubular functions under a variety of experimental 
conditions, including water, sodium chloride, so- 
dium sulfate, and mannitol diuresis. 

2. In accord with previous studies, the data sug- 
gest that the epithelium of the distal convolution is 
highly permeable to water in the presence of 
vasopressin. In contrast, during water diuresis, 
a considerable restriction to the diffusion of water 
is exhibited in the same area. It has been shown 
that water diffuses out of the collecting ducts in 
the absence of vasopressin, as has been concluded 
by previous workers. 

3. Sodium chloride reabsorption occurs in the 
region of the al convoluted tubule. Under 
certain conditioris this process may occur against 
a high electrochemical gradient. It has been dem- 
onstrated that vasopressin-dependent water per- 
meability and sodium chloride reabsorption oc- 
cur coextensively, apparently in the cortical area 
of the distal tubular system. This association 
results in an effective reduction in the volume of 
fluid delivered to the concentrating area, and con- 
sequently enhances the ability of the kidney to 
elaborate a highly concentrated urine. 

4. Potassium secretion occurs in the distal tu- 
bular system during ureteral occlusion. It is sug- 
gested that previous conclusions as to the presence 
of a potassium reabsorptive mechanism in the dis- 
tal tubule are erroneous, since the data were ob- 
tained under conditions in which the sodium con- 
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centration of the tubular fluid was extremely low, 
thereby imposing a limit on subsequent cation ex- 
change, potassium for sodium. 


. Malvin, R. 
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A relation between reduced cerebral oxygen 
uptake (CMRO,), measured by the inert gas 
method of Kety and Schmidt (1), and impaired 
mental function has been described in many clini- 
cal conditions. In patients with chronic degen- 
erative cerebral diseases, such a relationship was 
first noted by Freyhan, Woodford and Kety in 
their study of aged psychotic patients (2). This 
finding has since been confirmed by many in- 
vestigators studying related clinical problems 
(3-7). In general, a reduction of CMRO, was 
found to be associated with a proportionate re- 
duction of the cerebral blood flow (CBF). 

These studies showed considerable overlapping 
between the values obtained in the deteriorated 
patients with organic brain disease and in the 
normal control patients. Recently, Lassen, 
Munck and Tottey reported a study of CBF and 
CMRO, in middle-aged patients with mental im- 
pairment due to diffuse, degenerative brain dis- 
eases (8). Compared to normal control sub- 
jects of similar age, all patients with organic 
dementia had subnormal CMRO., while the CBF 
showed some degree of overlapping. Further- 
more, the degree of reduction of CMRO, corre- 
sponded roughly with the degree of mental de- 
terioration. Psychological tests were employed 
to assess mental abilities in this study, while the 
krypton** method was used to measure CBF 
and CMRO, bilaterally, employing simultaneous 
sampling from the right and left internal jugular 
veins. These relatively minor variations of Kety 
and Schmidt’s method (1) were found to be of 
value, as they appeared to increase the accuracy 
of the individual observations. 

The demonstration of a close correlation be- 
tween mental and metabolic deterioration in cere- 


* Visiting scientist; present address: Medical Dept. B., 
Bispebjerg Hospital, Copenhagen N.V., Denmark. 


bral function is of importance for the understand- 
ing of the pathophysiology of organic dementia. 
Since only 19 subjects were studied by Lassen 
and associates (8) it was considered desirable 
to collect more data of this kind. The present 
report is concerned with clinical and cerebral 
metabolic data from 25 subjects. The technique 
and the overall design of the study were similar 
to that used by Lassen and co-workers. It in- 
volved the independent physiological and psycho- 
logical assessment of the subjects, data being 
compared only after completion of the entire study. 


METHODS 


Cerebral blood flow and oxygen uptake. The inert 
gas method of Kety and Schmidt (1) was used with 
the modification described by Lassen and Munck (9). 
This modification employs a radioactive isotope of 
krypton (Kr) as the inert gas instead of nitrous oxide. 

Each study had a duration of about 16 minutes dur- 
ing which time the subject breathed atmospheric air 
containing 0.1 wc Kr® per ml. A closed circuit system 
of 80 L was used. Blood samples were drawn from 
indwelling needles in the femoral artery and in both 
internal jugular veins. Twelve samples of 3 cc each 
were drawn anaerobically from each source for Kr 
analysis (Figure 1). These 36 samples and a blank sam- 
ple drawn before Kr® inhalation were transferred into 
mica-walled cuvets and the radioactivity measured auto- 
matically by 4 Geiger-Miiller tubes (9). In order to 
avoid errors due to variations in erythrocyte sedimenta- 
tion in the cuvets, the analyses were performed on he- 
molyzed blood; triton X-100 was used as the hemolytic 
agent (10). After about 4 minutes of Kr® inhalation, 
samples were drawn for manometric O, and CO, analy- 
ses (11), pH, and spectrophotometric O, saturation de- 
terminations (10). The arterial hematocrit was also 
measured and was used to calculate the partition co- 
efficient for Kr® (9). 

The calculation of the unilateral (right or left side) 
values of the cerebral blood flow (CBF) was carried out 
according to the principle of Kety and Schmidt (1) as 
modified by Lassen and Munck (9). Extrapolation to 
infinity was used, but no correction was made for the 
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CASE D2(SECOND STUDY) 
CBF R=33.0 CMRO2R=249 
CBF L=306 CMRO2L=2.50 
CBF B=3!1.8 CMRO2 B=2.50 


754 818 


{A-V)O2 IN VOL % R 
iL i 
T 


CASE D2 (THIRD STUDY) 
CBF R=23.1 CMROgR=1.75 
CBF L=34.8 CMROgL=3.17 
CBF B= 27.8 CMRO2B=2.32 


RELATIVE KRYPTON 85 CONCENTRATION IN PERCENT 


7.59 


(A-V) IN VOL % 
i 


10 15 
TIME IN MINUTES 
Fic. 1. Two sTUDIES IN THE SAME SUBJECT. An in- 
terval of several weeks separated the studies. The open 
circles represent the venous curves for the left side. 


mean circulation time of the brain (9). Though theo- 
retically sound, this correction cannot be made ac- 
curately, and it was thought preferable not to use it in 
the present study. For this reason the infinity values 
of CBF and CMRO, reported in this paper are about 10 
per cent lower than those reported by Lassen, Munck 
and Tottey (8). The unilateral CBF values also were 
calculated to an experimental duration of 10 minutes. 
These values can be compared directly to those obtained 
by the original nitrous oxide method. The bilateral 
values were calculated with the assumption that both 
internal jugular veins carry the same volume of blood. 
Therefore, the means of the two venous krypton curves 
and the means of the oxygen contents were used in these 
calculations. 

Clinical data and psychological methods. Twenty-five 
white male subjects were studied: 11 young normal sub- 
jects (Y) of average age 24 years; 5 old normal sub- 
jects (O) of average age 72 years; and 9 aged, mentally 
deteriorated subjects (D) of average age 74 years. 
The young normal subjects were medical students. They 
were not examined clinically as it was assumed that none 
suffered from chronic brain disease of a degree suffi- 
cient to impair intelligence. 

The two groups of aged subjects were selected and 
evaluated by a psychiatrist (I.F.) who was not made 
aware of the circulatory and metabolic data until com- 
pletion of the entire study. The grouping of these sub- 


jects as normal or deteriorated mentally was made on 
the basis of the overall clinical impression: the results 
obtained by psychometric tests were evaluated in rela- 
tion to past history, emotional status (cooperativeness ) 
and possible neurological defects. The aged subjects were 
selected so that the normal aged group was mentally well 
preserved and alert, whereas the deteriorated subjects 
all manifested behavioral changes which clearly sug- 
gested chronic brain derangement (dementia), with 
signs of “senility” and confusion (see below). 

The examination included: a) psychiatric interview; 
b) Wechsler’s Adult Intelligence Scale (WAIS) (12); 
c) Raven's Progressive Matrices (13) (including adult 
and children’s forms); d) Bender Motor Gestalt (14) ; 
and e) a digit memory test designed to reveal fluctua- 
tions in performance (described in Reference 8). Some 
clinical data are given in Table I and test scores are 
listed in, Table II. It will be noted that regarding 
school training and life occupation, no apparent differ- 
ence existed between the normal and the deteriorated aged 
subjects, an impression confirmed by the more detailed 
interviews. 

Three of the five mentally normal aged subjects were 
paid volunteers (O,, O, and O,), and two were patients 
from the Geriatrics Ward of Saint Elizabeth’s Hos- 
pital, Washington, D. C. (O, and O,;). These two pa- 
tients were hospitalized primarily because they had no 
one to care for them in the community. One of them 
(O;) had physical infirmity, whereas the other (O,) 
was admitted because of mental depression and exces- 
sive use of alcohol following his wife’s death. Shortly 
after this patient’s participation in the present study he 
was discharged from the hospital. The clinical im- 
pression of well preserved mental function in these 
five subjects was confirmed during the detailed inter- 
views and by the results of the psychometric tests 
(Tables I and II). 

The nine mentally deteriorated aged subjects were 
patients hospitalized on the Geriatrics Wards of Saint 
Elizabeths Hospital. Patients were sought whose hos- 
pital diagnosis was chronic brain syndrome and who 
manifested the characteristic symptoms of this illness, 
in the absence of focal neurological signs. A loss of 
memory more marked for recent than remote events was 
considered the distinguishing feature of organic brain 
disease. Emotional lability, defects in orientation, in 
comprehension and in judgment frequently accompanied 
the memory impairment. In addition, an attempt was 
made to exclude patients with a history of or with pres- 
ent evidence of such stigmata of functional mental illness 
as delusions, hallucinations, ideas of reference, and de- 
personalization. The endeavor to meet these ideal cri- 
teria in a hospital devoted primarily to the care of com- 
mitted patients was not entirely successful. Thus one 
subject (D.) had a past history of auditory hallucina- 
tions and was considered to show minimal signs of resid- 
ual schizophrenia in addition to organic deficit. Two 
others (D, and D,;) had vague unsystematized paranoid 
notions regarding their families; however, both had ade- 
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TABLE I 
Descriptive data for populations tested* 


Duration of 
Age hospitalization Scholastic achievement Occupation 


ors yrs 


Young normal subjects None College graduates Medical students 
N =11 22-29 


Mean = 24.2 


Old normal subjects 


‘ O; 75 None College graduate Marine insurance (U. S. Govt.) 
Oz 66 None College graduate Civil engineer 
O; 79 3 Tenth grade Florist clerk 
Or. 72 None Eighth grade Engraver (U. S. Govt.) 
Os; 69 1 1 Year college Telegraph operator 


Mean = 72.2 


Subjects with organic dementia (chronic brain syndrome) 


dD, 67 1 High school graduate Commander, U.S.N. 
De 69 2 College graduate (LL.B.) Lawyer 

3 77 2 High school graduate Unknown 
D, 74 1 First grade Laborer (U. S. Govt.) 
D; 73 2 Ninth grade Insurance salesman 
Ds 72 1 High school graduate Engraver (U. S. Govt.) 
D; 75 2 Sixth grade Post Office clerk 
Ds 84 3 High school graduate Clerk (U. S. Govt.) 
Ds 77 1 High school graduate Clerk (U.S. Govt.) 


quate histories of work and family adjustment. Finally, their way about, to dress themselves, and were usually 
two additional patients presented focal neurological disoriented in all spheres. Two of the deteriorated sub- 
signs (Tables I and II). Although none was capable jects, D, and D,, were considered to be more severely 
of managing his affairs outside the hospital, three pa- affected than the others. These two subjects were de- 
tients had ground parole privileges. The remaining six  liberately chosen in order to include in the study some 
subjects were so confused as to require assistance in the subjects with an extreme degree of impairment. None 
simple tasks of everyday life; they were unable to find of the patients was a behavior problem and all except 


TABLE Il 


Scores on psychometric tests 


WAIS subtests (standard scores) 


Informa- Compre- Arith- —Similari- Digit Vocabu- Digit Picture Block Picture Raven's 


tion hension metic ties span lary symbol complet. design arrang. matrices* 

O; 17 15 11 16 Zz 17 7 12 8 7 49 

2 O» 19 18 17 1 12 18 8 13 12 13 o4 
O; 9 10 10 7 7 10 5 9 8 6 32 
O, 14 19 13 11 9 15 8 12 12 7 46 
O; 16 17 15 11 12 19 7 11 10 6 59 
D; 17 18 15 15 14 14 6 14 6 6 38 
D» 14 14 13 10 14 17 7 9 7 : = a 
D; 13 10 9 12 14 19 NTT NT 9 NT NT 
D, 5 7 5 4 6 2 0 5 0 1 0 
D; 5 8 10 4 9 11 7 6 9 6 39 
Ds 9 9 15 8 11 11 3 7 5 5 34 
D; 9 6 8 2 1 10 NT 7 5 0 24 
Ds 7 8 4 5 6 9 NT NT NT NT NT 
Dg Untestable on all tasks 


. Total items correct on combined children’s and adult forms. 
t Not tested. 


| 
| 
‘ 
Mean = 74.2 
eas * Positive findings on neurological examination: Dy had moderate Parkinsonism and left homonymous visual field 
ee defect; D; had moderate Parkinsonism; and Dy, had aphasia and apraxia, but no other neurological symptoms or signs. 
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one, D,, were capable of performing at least some 
psychological tests. 

The etiology of the chronic brain syndrome in these 
patients was obscure. No subject had a history of syph- 
ilis, apoplexy, severe cerebral anoxia, trauma, or any of 
the other usual causes of diffuse cerebral disease. Only 
two patients presented findings suggestive of cerebral 
vascular insufficiency, and none suffered from severe 
arterial hypertension. These facts and the insidious, 
gradually progressive nature of the mental derangement 
would seem to argue against a general presumption of 


N. A. LASSEN, I. FEINBERG AND M. H. LANE 


vascular (“arteriosclerotic”) etiology for cognitive 
changes observed. The role of cerebral vascular in- 
sufficiency cannot, however, be entirely excluded on this 
basis. 


RESULTS 


CBF and CMRO, in the various clinical groups. 
Table III lists the unilateral and bilateral CBF 
and CMRO, values for each subject, and the 
means oi these values in the three clinical groups. 


TABLE Ii 
Bilateral cerebral blood flow and oxygen uptake in 25 subjects 


10 Minute values* 


Infinity values* 


CMRO; 


Subjects Age R 


yrs 
I. Young normal subjects 


~ 


oon nw 


ll 
Meant 


OL 


why 
SHON 


47.7 
49.7 
50.3 
49.0 
§ 54.5 
42.5 
49.4 
48.09 
4.29 


II. Old normal subjects 


Or 
O; 
O, 
O; 
Mean 
SD 


I1I. Subjects with organic 


D, 
Ds 
D; 
D; 
De 
D; 
Ds 
Ds 


75 
66 
79 
72 
69 


72.2 


67 
69 
77 


37.2 
45.2 
42.2 
62.2 
59.1 


49.18 
10.91 


50.7 
34.0 
34.8 


dementia (chronic brain 


25.9 


38.1 
49.1 
43.8 
66.8 
53.0 
50.16 
10.86 


51.0 
36.4 
33.1 
33.1 
36.7 
50.3 
38.4 
39.5 
28.6 
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Mean 36.87§ 38.57 
SD 7.43 7.59 


IV. Repeat studies in three subjects with organic dementia 


D.-I] 68 40.0 41.6 40.8 302° 340 3.21 
D,-III 68 28.5 42.9 34.2 280 2.86 
73 37.3 338 3.14 2.30 2.68 
D;-II 73 41.2 39.7 40.4 2.005) 


* Values are expressed in cubic centimeters per 100 g per minute. 
+ Mean value of subjects Y2 to Yy; (cf. the text). 

t Significantly lower than in young normal adults (p < 0.05). 

§ Significantly lower than in old normal subjects (p < 0.05). 


CBF — CBF CMRO: 
L Bil. R L Bil. K L Bil. K L Bil. 
5.20 
29 42.2 45.0 4.07 
24 52.7 65.6 4.09 a 
22 42.9 48.2 3.80 
52.2 3.13 
61.9 3.63 
52.3 3.53 
48.8 2.92 
6.78 0.439 3 
39.0 3.57 3.66 3.62 
53.7 2.94 3.87 3.36 38.0 4 
45.6 3.15 3.34 3.24 
72.1 2.84 3.12 2.97 55.8 6 
48.0 3.32 2.60 2.93 53.1 4 
51.68 3.164 3 42.76 4 6t 
12.57 0.293 10.94 1 5 
51.4 3.09 2.89 2.99 41.1 45.5 43.2 
39.2 2.87 3.57 3.19 26.6 30.6 28.5 
31.5 3.00 2.43 2.71 32.3 29.1 30.6 
74 33.8 32.5 3.19 2.54 2.85 30.6 27.1 28.7 
73 39.0 34.6 3.01 2.56 2.77 33.3 32.0 32.6 
72 58.7 44.0 3.45 2.49 2.90 51.1 35.3 41.8 
75 41.0 36.1 3.08 2.65 2.85 33.3 28.9 30.9 
moe 84 42.8 2.63 2.08 2.34 36.7 30.9 33.6 ie 
2.23 1.57 1.86 23.9 189 21.1 
2.950 2.531§ 2.718§ 34.32 30.92 32.33 2.122§ 1§ 
0.350 0.543 0.395 8.07 7.07 6.79 0.474 0 
33.0 30.6 31.8 2.49 2.50 
32.5 24.6 28.0 2.74 1.83 
31.0 30.5 30.7 1.79 1.98 
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Right Side 
Values 


CMRO2 cc/l00gm /min 
° 


Left Side 
Values 


Bilateral 
Values 


e 


YN ON OD 


YN-Young Normals 


ON- Old Normals 


Fic. 2. SCATTERGRAM OF CMRO, VALUES 


YN ON OD YN ON OD 


OD-Old Deteriorated 


IN THE VARIOUS CLINICAL GROUPS. 


Note that the bilateral values distinguish most sharply among the groups. 


The probability levels for the pertinent differ- 
ences are also indicated. These levels are based 
on the application of the ¢ test with correction for 
nonhomogeneous variances (15).1 Case Y, was 
unusual because the values for CMRO, were much 
higher than in any other young normal subject 
studied. The ratio of the sums of squares in 
cases Y, — Y,,/Y, — Y;, was 0.127. This ratio 
(16) indicates that Case Y, differs significantly 
from the remainder of the cases (p < 0.01), and 
this case has therefore not been included in com- 
putation of the mean and standard deviation for 
the young normal group. The basis of this de- 
viant value was not readily apparent. 

Compared with young normal adults, the aged 
normal subjects showed a significant (p< 0.05) 
reduction of the bilateral CMRO, value calculated 
to infinity. In young normals a mean value of 
3.0 cc per 100 g per minute was found as com- 
pared to 2.7 in aged normals. The bilateral 10 


minute values of CMRO, were not significantly 


1 We wish to thank Dr. Seymour Geisser, Biometrics 
Section, National Institute of Mental Health, for statisti- 
cal advice. 


different at the 5 per cent level of confidence. 
The unilateral CBF and CMRO, values, as well 
as the bilateral CBF values, failed to distinguish 
between these two normal groups at either the 
10 minute or infinity values. 

The nine aged deteriorated subjects differed sig- 
nificantly from the aged normal controls with re- 
spect to several parameters. The bilateral and 
left side unilateral values for CMRO, were sig- 
nificantly reduced (p< 0.05) in the deteriorated 
group, whereas the CMRO, values for the right 
side were not significantly different. The cerebral 
blood flow values did not differ significantly in 
the two groups with the exception of the 10 
minute CBF value on the left side; this was sig- 
nificantly reduced (p < 0.05) in the deteriorated 
subjects. It may also be noted that cases D, and 
D,, who clinically appeared most deteriorated, 
also had the lowest CMRO, values. 

In the present study, the bilateral CMRO, val- 
ues provide a more clear-cut separation of the 
clinical groups than do either the right or left side 
values. This is clearly shown in Figure 2, in 
which the three sets of values are plotted for each 
group. 
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TABLE IV 


Correlations of cerebral oxygen uptake with psychometric 
data listed in Table II 


CMRO2: (infinity values) 
Right Left 


Bilateral 


0.71* 
0.687 
0.40 
0.74* 
0.29 
0.57* 


. Picture arrangement 
2. Picture completion 
3. Digit symbol 

“Perception” factort 

. Digit span 

. Arithmetic 

. Block design 

“‘Inmediate memory” 
factort 

. Similarities 

. Information 

. Vocabulary 

“Verbal” factort 
Raven's matrices 


* One-tailed test, p < 0.01. 

t One-tailed test, p < 0.05. 

t Based on combining weighted scores of the three pre- 
ceding subtests. For the “perception’”’ factor, D; was 
prorated for Test 3 on the basis of Tests 1 and 2; for the 
“immediate memory” factor, Ds was prorated for Test 6 
on the basis of Tests 4 and 5. 


CBF and CMRO, compared with psychometric 
data. Table IV lists correlation coefficients and 
their levels of significance calculated from the 
extrapolated CMRO, values and the psycho- 
metric data of the aged normal and the aged de- 
teriorated group. The raw scores were corre- 
lated for individual subtests of the WAIS. The 
three factors isolated from the Wechsler-Bellevue 
Scale by Birren (17) among aged subjects were 
correlated by combining weighted scores of the 
WAIS subtests. D, was untestable and was not 
included in any computations. D,, D, and D, did 
not complete every test (D, and D, because of 
impaired vision, and D, because of transient un- 
cooperativeness). The N’s for the various corre- 
lations therefore vary. It will be seen that there 
are high and significant correlations between 
CMRO, values on the left side and the psy- 
chometric data. The correlations between bi- 
lateral CMRO, and the psychometric data were 
of a similar value and significance. None of the 
correlations for the right side reaches significance 
anc they are all close to zero. Calculations using 
the CMRO, values corresponding to an experi- 
mental duration of 10 minutes showed much the 
same results. The cerebral blood flow showed a 
distinctly lower degree of correlation with the 
psychometric data than did CMRO,. 
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DISCUSSION 


In young normal adults, the average cerebral 
blood flow was 50 cc per 100 g per minute, and 
the cerebral oxygen uptake was 3.5 ce per 100 g 
per minute, when calculated to 10 minutes of in- 
ert gas inhalation. These values are similar to 
those reported by investigators using the nitrous 
oxide method (9, 18-22). The extrapolated val- 
ues, however, are somewhat lower with average 
values of 43 cc per 100 g per minute for cerebral 
blood flow and 3.0 cc per 100 g per minute for 
cerebral oxygen uptake. 

As is evident from Table III, extrapolation 
caused a drop in calculated cerebral perfusion in 
all studies in normal subjects as well as in pa- 
tients with organic dementia. An average de- 
crease of about 15 to 20 per cent occurred, with 
subjects of lower perfusion showing the greater 
relative decrease. This decrease does not reflect 
a change in true cerebral perfusion since all stud- 
ies were carried out in the steady state. More- 
over, in all studies the cerebral venous oxygen 
saturation was measured on an additional blood 
sample collected at about the eleventh minute of 
inert gas inhalation; in no case was a marked 
change (decrease) noted when this value was 
compared to that obtained from the sample col- 
lected at about the fourth minute. Since the de- 
crease in calculated cerebral perfusion value with 
increasing experimental duration is unrelated to 
changes in cerebral perfusion, it must be attributed 
directly to the method of study—the inert gas 
method. 

The theory of inert gas uptake at the tissues, 
as reviewed by Kety (23), enables us to under- 
stand this decrease. Declining values during an 
experiment carried out in the steady state stem 
from differences of inert gas uptake rates within 
the organ studied. Animal studies by Kety et al. 
(24) indicate that the white matter of the brain 
has a much lower perfusion rate than does the 


grey matter, and consequently has a slower gas 


uptake rate. Therefore, the brain itself may be 
the source of the observed heterogeneity of Kr*° 
uptake. Extracerebral contamination of internal 
jugular blood would also be expected to result 
in heterogeneous inert gas uptake. This contami- 
nation is probably of the order of only a few 
per cent in the average case (25). Hence, it can- 


10 —0.13 0.77* 
10 0.00 0.62t 
9 0.38 0.57 
10 0.13 0.78* 
| 13 0.04 0.32 
13 0.13 0.57* 
12 0.22 0.63¢ 0.55t 
13 0.01 0.58¢ 0.52T 
1 3 0. 1 5 0.60T 0.64t 
13 0.04 0.61¢ 0.60T 
13 0.04 0.41 0.44 
13 0.08 0.59¢ 0.59T 
10 0.18 0.44 0.56t 
= 
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not readily account for the 15 to 20 per cent drop 
in calculated perfusion rate produced by extra- 
polation. 

Whatever the origin of the observed uneven- 
ness of tissue Kr* uptake, only extrapolation can 
give a theoretically valid estimate of the blood 
flow of the tissues. The extrapolation, however, 
must be correct, i.e., it must comprise the satura- 
tion characteristics of all tissues not yet saturated 
at the end of the experiment at 16 minutes of 
inert gas inhalation. The procedure we employ 
undoubtedly corrects to some extent the errone- 
ously high 10 minute values due to uneven per- 
fusion and the resultant difference between the 
average inert gas tension of the tissues and the 
jugular blood. Therefore, the extrapolated values 
will approximate more closely the “true” blood 
flow. But since it is possible that not all slowly 
saturating tissues have been adequately repre- 
sented by the present technique of extrapolation, 
the values derived can only approximate this 
ideal. Moreover, extrapolation increases the ran- 
dom experimental error of the method. Thus it 
may be said that the values determined on the 


basis of an experimental duration of 10 or 16 min- 
utes are more reliable than extrapolated ones, even 
though the latter give more valid estimates of true 
In the following discussion both 10 
minute and infinity values are mentioned, no 
special significance being attached to either. In 
most cases the same conclusion may be reached 


blood flow. 


when using either set of values. It is worth no- 
ticing, however, that in the group of old normal 
subjects the extrapolated value for cerebral oxy- 
gen uptake was significantly reduced (p < 0.05), 
while the reduction of the 10 minute value just 
fell short of reaching statistical significance (0.05 
>p <0.10). While this difference may be due 
to chance it may also reflect the possibility that 
extrapolation actually gives a better estimate of 
the parameter sought. 

The discussion above implies that in many stud- 
ies employing an experimental duration of 10 
minutes, the normal rate of cerebral blood flow 
and oxygen uptake has been overestimated by 
about 15 per cent. The values in subjects with 
low cerebral perfusion have been overestimated to 
an even greater extent. 

The scatter of cerebral oxygen uptake values 
in the group of young normal adults is of some 
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theoretical interest. In the present series, the 
standard deviation of extrapolated _ bilateral 
CMRO, values was 0.2 cc per 100 g per minute 
or 7 per cent of the mean CMRO, of 3.0 ce per 
100 g per minute. The same value was found in a 
previous study using the same bilateral technique 
(26). In order to compare this value to that of 
unilateral series the bilateral standard deviation 
must be corrected for the greater number of analy- 
ses involved, and a factor of 1/0.87 = 1.15 may 
appropriately be used (26). The resulting cor- 
rected standard deviation of about 0.25 cc per 100 
g per minute is significantly lower than that of 
about 0.5 cc per 100 g per minute reported in vari- 
ous unilateral series utilizing both the Kr** method 
(9, 26), and the nitrous oxide method (18-20). 
On this basis, it may be concluded that the coefh- 
cient of variation of the random experimental er- 
ror of determining cerebral blood flow and oxy- 
gen uptake in normal man is of the order of 7 per 
cent or less when the present bilateral method is 
employed. A maximum estimate of the random 
experimental error may also be obtained from the 
results of repeated bilateral studies. Combining 
the results of the three subjects in the present 
study with five cases reported previously (26), 
a coefficient of variation of 6 per cent is obtained. 

The coefficients of variation mentioned above 
suggest a remarkable constancy of cerebral oxygen 
uptake ; this parameter varies little when the same 
subject is studied repeatedly over a period of 
months. Moreover, in young normal adults no 
marked inter-individual differences seem to exist. 

Before commenting on the results obtained in 
the two aged groups, it is worth noting that the 
side-to-side differences of cerebral blood flow and 
oxygen uptake (average 14 and 19 per cent, re- 
spectively) are in agreement with previous find- 
ings in bilateral studies (cf. References 1 and 26, 
and the discussion in 27). 

Normal old age. The aged normal subjects 
had nearly the same average CBF as the young 
normal subjects, while the average bilateral 
CMRO, (infinity value) was 9 per cent lower 
than in young normal subjects. This decrease of 
CMRO, was statistically significant (p < 0.05). 
Other investigators, using unilateral techniques, 
have found a moderate (21, 22) to severe (3) 
reduction of CMRO, with age. However, the 
criteria of normality adopted in these studies are 


; 
3 
: 
& 
¢ 
4 
; 


498 


not explicitly stated, and it is possible ‘that the 
aged groups studied may have included some sub- 
jects whom we would have classified as deterio- 
rated. 

A study of CMRO, in young and aged normal 
subjects was recently completed in this laboratory 
by Sokoloff (28) and Dastur and associates (29). 
These investigators found no significant reduc- 
tion of CMRO, in their aged group. However, 
their methods differed in that they used the uni- 
lateral N,O technique without extrapolation, and 
their criteria of normality were more stringent 
than our own. (They would have rejected O, 
and O, solely on the basis of having been hospital- 
ized.) For these reasons, this study cannot be 
directly compared with the present report. 

Considering our own findings in the light of 
the evidence available in the literature, we would 
suggest that a small but definite reduction in 
CMRO, per 100 g of brain tissue occurs in nor- 
mal persons of age 70 or more. A reduction in 
brain weight, not measurable with the present 
technique, would produce a still greater reduction 
in total cerebral oxygen uptake. We would 


further suggest that this reduction in CMRO, 
represents a physiological correlate of the well 
established decline in intellectual function with 


advanced age. Four out of five of the present 
group of aged normal subjects spontaneously re- 
ported recent changes in their intellectual func- 
tion, primarily difficulties in remembering names 
and recent events. While such changes cannot 
be demonstrated with the tests employed, they 
are nevertheless quite real and are consistent 
with the interpretation of a mild degree of chronic 
brain syndrome or, perhaps, “incipient dementia.” 

The pathoanatomical basis of the metabolic 
and mental deterioration in advanced age is pre- 
sumed to be a degenerative process which dif- 
fusely involves the cerebral cortex (cortical 
atrophy). This interpretation is consonant with 
the reduction in CMRO, (see the discussion in 
Reference 8). While these interpretations are by 
no means novel, what is new is the suggestion that 
CMRO, may represent an objective and quanti- 
tative measure of certain major cerebral changes 
in old age. 

Organic dementia. The patients with organic 
dementia had bilateral cerebral oxygen uptake 
values which were markedly lower than those 
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found in young normal subjects. The separation 
of the demented subjects from the aged normal 
control subjects was not as sharp; however, the 
latter may be considered to be cases of borderline 
chronic brain syndrome according to the above 
discussion. The various observations in the 
group of mentally deteriorated patients gave no 
indication of the etiology of the presumably de- 
generative cerebral affliction causing the fully 
developed chronic cerebral syndromes. As noted 
in the description of the patient material, no 
clinical clues existed either. There was, in par- 
ticular, no reason to suspect cerebral vascular dis- 
ease to be of general etiological importance. For 
a more extensive discussion of the etiological role 
of cerebral arteriosclerosis in organic dementia 
the reader is referred to a recent review (27). 
Thus it is possible that the group of senile de- 
mented patients were actually suffering from 
cerebral involutive processes of the same nature. 
but of more pronounced intensity, as those oc- 
curring in normal old age. 

Disregarding etiological considerations, how- 
ever, there seems to be no reason to emphasize 
the age of the mentally deteriorated subjects. 
The results obtained by Lassen, Munck and Tot- 
tey (8) in a group of middle-aged demented sub- 
jects of average age 55 years (range 42 to 64 
years) are very similar to those obtained in the 
present group of senile patients of average age 
74 years (range 67 to 84 years). Thus both 
studies found severe mental impairment associated 
with a 40 per cent reduction in cerebral oxygen 
uptake, whereas less pronounced degrees of de- 
mentia were associated with a 20 per cent reduc- 
tion in cerebral oxygen uptake. It is likely that 
a reduction in brain weight occurred in many of 
the patients in both studies, reducing total cerebral 
oxygen uptake even more than is indicated by the 
inert gas studies. 

The fairly close correlation between degree of 
dementia and reduction of the average rate of 
cerebral oxygen uptake of the whole brain sug- 
gests that intellectual processes involve the func- 
tion of large parts of the hemispheres. When cor- 
relating the CMRO, to the raw scores of the 
psychometric tests, the unilateral values on the 
left side showed as high a correlation as the bi- 
lateral values, whereas no significant correlation 
was noted with the unilateral values of the right 
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CMRO, AND MENTAL FUNCTION 


side. This finding is presented more extensively 
elsewhere (30). It may signify some degree of 
gross localization of cognitive function, so that a 
left-sided cerebral lesion is of greater consequence 
for the development of dementia than is a com- 
parable right-sided lesion. 


SUMMARY 


Cerebral oxygen uptake was determined in 11 
young normal adults, 5 aged normal subjects, 
and 9 aged subjects suffering from organic de- 
mentia. The bilateral Kr*° modification of the 
inert gas method was employed. Mental function 
was assessed in the two aged groups by means of 
psychiatric interview and psychometric tests. 
The following results were obtained : 

1. In the young normal adults the cerebral oxy- 
gen uptake was in average 3.5 cc O, per 100 g of 
brain per minute when the values were calcu- 
lated corresponding to 10 minutes of inert gas 
inhalation. This result is in agreement with the 
findings of previous investigators. However, 
employing extrapolation to infinity, a mean value 
of 3.0 cc O, per 100 g per minute was found. 
Similar differences between 10 minute and extra- 
polated values were found in the two aged groups. 
The causes of these differences were discussed. 

2. The aged normal subjects had an average 
age of 72 years and an average cerebral oxygen 
uptake which was 9 per cent below the level in 
young normal subjects (p< 0.05). This small 
reduction in cerebral oxygen uptake is consid- 
ered to be a metabolic manifestation of an incipi- 
ent degenerative cerebral disorder whose func- 
tional expression is the decline in mental function 
in normal subjects with advanced age. 

3. The nine subjects with organic dementia (av- 
erage age 74 years) had a cerebral oxygen uptake 
which was significantly reduced below the level 
in the young and aged control groups. The two 
subjects with the greatest degree of mental impair- 
ment also had the lowest values for cerebral oxy- 
gen uptake—values about 40 per cent below the 
level in young normal adults. The seven subjects 
with less severe mental defects had a more mode- 
rate reduction in cerebral oxygen uptake—in av- 
erage, about 20 per cent below the level in young 
normal adults. 

4. The reduction of cerebral oxygen uptake is 
considered to be a rough quantitative measure of 
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cerebral degenerative lesion revealed functionally 
by the dementia. 
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CORRECTION 


Through an error in the editorial office, on page 2052 of the 
paper, “Chronic Progressive Myopathy with Myoglobinuria: Dem- 
onstration of a Glycogenolytic Defect in the Muscle,” by Rudi 
Schmid and Robert Mahler (J. clin. Invest. 1959, 38, 2044), PAS, 
periodic acid-Schiff reaction, was incorrectly defined as para- 
aminosalicylic acid. 
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PROTEIN-BINDING OF INORGANIC PHOSPHATE IN PLASMA 
OF NORMAL SUBJECTS AND PATIENTS WITH 
RENAL DISEASE * 
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of Medicine, The Johns Hopkins University School of Medicine, Baltimore, Md.) 


(Submitted for publication May 28, 1959; accepted November 19, 1959) 


Despite a large amount of experimental data, 
it remains uncertain whether all of the plasma 
phosphate is filtrable through semipermeable 
membranes, Early micropuncture studies in Am- 
phibia indicated that the concentration of inor- 
ganic phosphate in glomerular filtrate was the 
same as that in whole plasma (1, 2). If this is 
the case in mammals, approximately 17 per cent 
of the plasma phosphate may be nonfilterable. 
This follows from consideration of the normal 
plasma water content, 930 g per L, and the theo- 
retical Donnan ratio for divalent anions, 0.90 to 
0.91 {Reference 3, page 771). Since 80 per cent 


of the plasma phosphate consists of HPO,* and 
20 per cent H,PO,, the effective Donnan factor 
for plasma phosphate should be 0.91 to 0.92. 
The concentration of phosphate in ultrafiltrate 
would therefore be 1/0.93 x 0.915 or 1.175 times 
that in whole plasma. 

Some of the pertinent reports are summarized 


in Table |. This list is not intended to be com- 
plete, and in particular omits the earliest obser- 
vations, reported prior to 1926. In those in- 
stances in which the plasma or serum values 
were reported without correction for water con- 
tent, a correction was applied as described below. 
The ratio of phosphate concentration in ultra- 
filtrate or dialysate to that in plasma or serum wa- 
ter for the entire group averages 0.94. The theo- 
retical value, representing complete filtrability, is 
1.09. Only a few isolated samples have been 
found to show ratios of 1.09 or higher. 

The only two studies in which the pH and tem- 
perature were the same as that of blood in vivo, 
References 6 and 8, revealed mean ratios of 0.85 
and 0.89, respectively. These studies both uti- 


* This work was supported by a United States Public 
Health Service Research Grant (A-2306). 


lized measurements of saline solutions equilibrated 
with the circulating plasma. 

It has also been reported that the filtrability of 
plasma phosphate may become markedly reduced 
when either plasma calcium or plasma phosphate 
is increased (5, 9, 11). These observations have 
supported the concept of a nondiffusible calcium 
phosphate complex. However, this substance is 
thought to be present only in abnormal plasma. 

Toribara, Terepka and Dewey (13) have shown 
that the filtrability of plasma calcium is influenced 
by the pH and temperature at which ultrafiltra- 
tion is performed. Phosphate analyses of ultra- 
filtrates prepared at body temperature and normal 
plasma pH have not been reported. The reported 
data (Table I) are for the most part based upon 
small series and exhibit considerable scatter. The 
filtrability of phosphate in uremic plasma has ap- 
parently not been studied. The occurrence of a 
“colloidal” calcium phosphate complex might be 
anticipated under these conditions, since hyper- 
phosphatemia is often pronounced. 

For these reasons, ultrafiltration was carried out 
at 37° C in an atmosphere of 5 per cent CO, and 
95 per cent O,, using plasma samples from nor- 
mal subjects and from patients with azotemia. 
The results indicate that a significant fraction of 
the plasma inorganic phosphate is apparently 
bound to proteins. This binding is not dependent 
upon plasma calcium or magnesium. In azo- 
temic patients without phosphate retention, pro- 
tein-binding of phosphate is the same as in normal 
subjects. In the presence of phosphate reten- 
tion, no evidence was found for a decrease in the 
filtrability of phosphate. On the contrary, the 
percentage of phosphate bound to protein did not 


differ significantly from normal. 
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TABLE I 


Ratios of the concentration of phosphate in ultrafiltrate or dialysate to that in plasma or serum water in 


reported studies on normal humans and dogs 


No. and 
species 


6 Dogs 


Authors 


Pincus et a!. (4) 
1926 


Grollman (5) 7 Dogs 
1927 


Greene and Power (6) 14 Dogs 


1931 


Benjamin and Hess (7) 
1933 


21 Humans 
73 Dogs 
25 Rats 


6 Dogs 


Cantarow and Haury (8) 
1939 


Harrison and Harrison (9) 
1941 


Smith et al. (10) 
1943 


Hopkins et al. (11) 
1952 


6 Dogs 
13 Humans 
6 Humans 


Foulks (12) 
1955 


5 Dogs 


METHODS 


Venous blood was obtained in oiled syringes wet with 
heparin solution, and separated without exposure to 
air. Ultrafiltration was carried out by the method 
of Toribara and associates (13). Plasma pH, meas- 
ured before and after ultrafiltration, did not change more 
than 0.05 unit. Phosphate was determined on trichloro- 
acetic acid filtrates of plasma and on ultrafiltrates by the 
method of Fiske and Subbarow (14). The recovery of 
phosphate added to plasma or ultrafiltrate averaged 100 
per cent. Protein determinations were performed by 
the biuret method (15). Plasma water content, in 
grams per liter, was approximated as 990 minus 8 [Prot], 
where [Prot] represents the protein concentration in 
grams per cent (3). 

In order to determine whether equilibrium across the 
cellophane membrane persisted during ultrafiltration, 
several types of experiments were performed. 1) Phos- 
phate concentrations were compared in the fluid formed 
during the first half hour of ultrafiltration, representing 
approximately 15 per cent of the volume of plasma 
used, and during the ensuing three hours, at the end 
of which the volume of plasma remaining was about one- 
half of the original volume. In four normal samples, 
the ratios of phosphate concentrations in the first por- 
tion to the last portion were 0.99, 0.97, 0.98, and 0.97. 
2) Ultrafiltrates of normal plasma were subjected to 
ultrafiltration again, one-half of the total volume pass- 
ing through the casing. The concentration of phosphate 
in the newly formed ultrafiltrate was, on the average, 
3 per cent less than that in the original ultrafiltrate. 
3) Ultrafiltrates were prepared from a solution of sodium 


Method 


Ultrafiltration 
Ultrafiltration 
0.54-1.11 


Dialysis in vivo 


Ultrafiltration 
Ultrafiltration 
Ultrafiltration 


Not given 
Not given 
Not given 
0.85-0.95 


Vividiffusion 


Ultrafiltration 0.87-0.93 


Ultrafiltration 0.97-1.08 


Ultrafiltration 0.90—1.09 


Ultrafiltration 0.79-0.88 


phosphate, 0.061 M, at pH 7.4, and also from this solu- 
tion diluted 20-fold with isotonic saline. Again, cen- 
trifugation was continued until one-half of the total 
volume used had passed out of the sac. The phosphate 
concentration in these ultrafiltrates was, on the average, 
2 per cent lower than in the original solutions. 4) Nor- 
mal plasma samples were dialyzed against their own ul- 
trafiltrates. This was done by filling a sac prepared 
from Visking casing with plasma obtained anaerobically, 
plus a small amount of mercury. This sac was inserted 
into a tube containing an equal volume of ultrafiltrate, 
plus a small amount of mercury. The tube was closed 
with a stopper, into which a needle was inserted in order 
to remove entrapped air. The needle was removed, and 
the tube was then rocked mechanically in a constant tem- 
perature bath at 37° C for six hours. The concentra- 
tion of phosphate in ultrafiltrates of normal plasma was 
unchanged by this process. 

All of the above results lend support to the con- 
clusion that the method of ultrafiltration yields a valid 
sample of fluid in equilibrium with whole plasma. De- 
viations from equilibrium are so small that they lie 
within the experimental error. 


RESULTS 


The results of 24 determinations performed in 
15 normal subjects and in 4 normal dogs are 
shown in Table II. 

The ratio of phosphate concentration in ultra- 
filtrate to that in plasma water in the human sub- 
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PROTEIN-BINDING OF PHOSPHATE IN NORMAL AND UREMIC PLASMA 


jects averaged 0.825. As indicated above, if all 
of the phosphate were ultrafilterable, the ratio 
should be 1:0.915 or approximately 1.09. The 
filtrable inorganic phosphate of plasma therefore 
comprises 0.825: 1.09 or 76 per cent of the total. 

The assumption that ultrafiltrate phosphate 
equals plasma phosphate entails only a small error, 
because it ignores corrections for Donnan factor 
and water content. In this series of subjects, the 
ratio of ultrafiltrate phosphate to plasma phosphate 
(uncorrected for water content) averages 0.89. 

In Table III are shown the results of observa- 
tions in a series of patients with renal disease. 
Although all of these subjects had signs of renal 
damage, in many the degree of azotemia was 
slight. Consequently phosphate retention was 
present in only 21 of the 32 patients. The high- 
est plasma phosphate observed was 5.32 mmoles 
per L or 16.5 mg per 100 ml. 

In the patients without phosphate retention, 
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the ratio of ultrafiltrate phosphate to plasma water 
phosphate averaged 0.866, a value which does not 
differ significantly from the normal mean of 
0.825. In the patients with phosphate retention, 
this ratio averaged 0.889, which also is not sig- 
nificantly greater than the normal mean. Thus 
the absolute quantity of phosphate bound is in- 
creased approximately in proportion to the rise 
in plasma phosphate. For example, in the five 
plasma samples containing 3 to 4 mmoles per L 
of phosphate, the average filtrate phosphate is 
3.14 mmoles per L. Applying a Donnan factor 
of 0.915, the free phosphate in plasma water be- 
comes 2.87 mmoles per L. Total phosphate in 
plasma water averages 3.32 mmoles per L. 
Therefore bound phosphate is 3.32 to 2.87 or 
0.45 mmoles per L, or 14 per cent of the total. 
In the normal subjects similar calculation reveals 
that an average of 0.31 mmoles per L, or 25 per 
cent, of the total phosphate is bound. The differ- 


TABLE II 


Protein-binding of inorganic phosphate (normal subjects)* 


(Protein ]p 


Normal dogs 


Normal men 


Normal women 


Ratio 


{Pi]ew {Pilur 
/L mmoles/L 
1.61 
1.15 
1.29 
1.24 
Mean 


0.69 
0.96 
0.96 
0.98 
0.74 
0.84 
1.38 
1.00 
1.15 
1.44 
1.09 


EY 
Ourw00 oO 


NN OL 


0.80 
0.86 
1.04 
1.22 
1.04 
1.03 
0.97 
0.76 
1.07 


Mean 0.825 + 0.066(SD) 


ADAOwo 


* [Pi]p = inorganic phosphate concentration in plasma; [Pi]pw = inorganic phosphate concentration in plasma 
water; [Pi ]vur = inorganic phosphate concentration in plasma ultrafiltrate. 
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TABLE III 


Protein-binding of inorganic phosphate in patients with azotemia* 


Subject (Protein 


gm % 


Patients with- 
out phosphate 
retention 


DAK WOR WUD 


Patients with 
phosphate re- 
tention 


5. 
7. 
6. 
6. 
>. 
6. 
6. 
6. 
5. 
4. 
6. 
6. 
5. 
5. 
6. 
5: 
6. 


* Symbols as in Table II. 


ence in protein concentration between the two 
groups was minor.’ 

In order to determine whether some form of 
interaction with calcium is involved in the ap- 
parent protein-binding of phosphate, the trisodium 
salt of ethylenediaminetetraacetic acid (EDTA) 
was added to plasma before ultrafiltration. Five 
ml of plasma was mixed with 0.2 ml of EDTA 
solution, (adjusted to pH 7.4) and ultrafiltered. 
This amount of EDTA is sufficient to complex 
the entire amount of calcium and magnesium pres- 
ent. The concentration of phosphate in this ultra- 
filtrate was compared to that in ultrafiltrate from 


1It is possible that hyperlipemia, with a consequent 
decrease in plasma water content, might account for part 
of the apparent increase in this ratio in renal failure. 
However, none of the subjects had the nephrotic syn- 
drome or frankly lipemic plasma. 


mmoles/L 


Ratio 

(Pile (Pilur 
mmoles /L 

0.99 

1.03 

1.19 

1.27 

1.30 

1.32 

1.26 

1.28 

1.41 

1.26 


1.07 
1.12 
1.27 
1.32 
1.33 
1.43 
1.41 
1.46 
1.45 
1.49 
1.54 


Cow 


esees 
SNH 


Mean 0.889 + 0.034(SD) 


the same plasma diluted with saline instead of 
EDTA solution. No difference was noted in 
three experiments. These results indicate that the 
protein-binding of phosphate in normal plasma 
is not dependent upon the presence of calcium or 
magnesium. 

DISCUSSION 


The results of this study indicate that a signifi- 
cant portion of the inorganic phosphate of plasma 
is not filtrable through cellophane. In normal 
subjects, this moiety amounts to about one-fourth 
of the total plasma inorganic phosphate; in pa- 
tients with renal disease and phosphate retention, 
it is a somewhat smaller fraction. The probable 
explanation of these findings is protein-binding. 
It is also conceivable that phosphate might exist in 
plasma in a nondiffusible form without being 
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bound to protein, calcium or magnesium. How- 
ever, there is no evidence for such a compound 
at present. Govaerts (16) reported that a por- 
tion of the plasma phosphate does not exchange 
readily with administered radiophosphate. As 
Handler and Cohn (17) have shown, the specific 
activity of urinary phosphate is equal to that of 
plasma phosphate during a constant infusion of 
radiophosphate. These authors suggested that 
urinary delay time, or exchange with a pool of in- 
organic phosphate in the tubular epithelium, may 
account for the findings of Govaerts. It is also 
possible, however, that the exchange of adminis- 
tered radiophosphate with protein-bound phos- 
phate may be significantly slower than with the 
filtrable portion of plasma phosphate. 

We have not investigated the filtrability of 
phosphate in the presence of hypercalcemia. 
Others (5, 11) have reported that a nonfiltrable 
calcium phosphate complex is formed under these 
conditions. In normal plasma, the data presented 
here indicate that the protein-binding of phosphate 
is not dependent upon the presence of calcium or 
magnesium. 

The present results probably do not alter the 
conclusions of the numerous studies pertaining to 
renal tubular reabsorption of phosphate in man 
and dogs. In most of these studies, it has been 
assumed that phosphate concentration in the glo- 
merular filtrate is equal to phosphate concentra- 
tion in plasma water. As indicated above, this 
assumption entails an error of 15 to 20 per cent in 
normal subjects, and less in patients with renal 
disease. The possibility also remains that the 
filtrability of phosphate at the glomerulus may 
differ from that indicated by cellophane mem- 
branes. 

The theoretical Donnan ratio, 1/r?, as calcu- 
lated by Van Slyke, Wu and McLean (3), is ap- 
proximately 1.10 at normal pH and protein con- 
centration. This is the factor which has been em- 
ployed herein, in order to estimate the free phos- 
phate ion concentration in whole plasma. As 
Manery (18) has pointed out, the observed Don- 
nan ratios for various ions in plasma are all less 
that this theoretical value. The deviation is very 
small in the case of sodium and potassium but 
greater in the case of chloride, sulfate (19), fer- 
rocyanide (20) and phosphate. Purified proteins 
bind virtually all anions which have been studied 
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(21, 22). It seems reasonable to infer, therefore, 
that free phosphate ions in plasma are distributed 
across semipermeable membranes in accordance 
with the theoretical factor, and that the remainder 
of plasma phosphate is bound to protein. 


SUMMARY 


Ultrafiltrates were prepared at 37° C in an at- 
mosphere of 5 per cent CO, from plasma samples 
obtained from 4 dogs, 15 normal men and women, 
and from 32 patients with varying degrees of 
azotemia. In the normal subjects, an average of 
one-fourth of the inorganic phosphate of plasma 
was found to be protein-bound. This binding 
was not dependent upon the presence of calcium 
or magnesium. 

In patients with azotemia, with or without phos- 
phate retention, the fraction of plasma inorganic 
phosphate bound to protein was not significantly 
different. 
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THE PHYSIOLOGICAL SIGNIFICANCE OF THE SECRETION OF 
ENDOGENOUS INSULIN INTO THE PORTAL CIRCULATION. 
III. EVIDENCE FOR A DIRECT IMMEDIATE EFFECT OF 
INSULIN ON THE BALANCE OF GLUCOSE ACROSS 
THE LIVER * 7+ 


By LEONARD L. MADISON, BURTON COMBES,t REUBEN ADAMS anp 
WILLIAM STRICKLAND 


(From the Departments of Internal Medicine, Obstetrics and Gynecology, and Surgery, Uni- 
versity of Texas Southwestern Medical School, Dallas, Texas) 


(Submitted for publication September 21, 1959; accepted November 19, 1959) 


There is at present general agreement, based 
upon abundant in vitro and in vivo experimental 
evidence, that insulin exerts an immediate and 
profound effect on glucose utilization by muscle 
and adipose tissue (1-5). On the other hand, a 
direct hepatic action of insulin is disclaimed by 
most investigators since innumerable studies both 
m vitro and in vivo have failed to demonstrate 
clearly a consistent and reproducible effect of in- 
sulin upon hepatic glucose metabolism (5-12). 

Recent observations from this laboratory sug- 
gested that the site (13) and the rate (14) of in- 


sulin administration are important factors in 


eliciting a hepatic effect. However, in these as 
in all previous in vivo studies (11, 15-19), the 
conclusions regarding the hepatic action of insulin 
were inferential, since the net balance of glucose 
across the liver was not ascertained by direct 
measurement. 

Any experiments designed to elucidate the ef- 
fect of insulin on hepatic carbohydrate metabolism 
should fulfill the following prerequisites : 

1. Hepatic, in contrast to splanchnic, glucose 
metabolism should be measured. In view of the 
marked sensitivity of the extrahepatic splanchnic 
tissues to insulin (1-5, 11, 12), separation of the 
effects of insulin on these tissues from its effects 
on the liver is mandatory. This, in turn, re- 


* This work was supported in part by a grant from the 
Upjohn Company and in part by the Dallas Heart As- 
sociation. 

+ Presented in part before the Metabolism Section of 
the American Society for Clinical Investigation, Atlantic 
City, May 3, 1959, and at the Symposium on Insulin and 
Oral Hypoglycemic Agents held at the Indiana Uni- 
versity Medical Center, Indianapolis, February 27 and 28, 
1959. 

t Established Investigator of The American Heart 
Association. 


quires the measurement not only of arterial, por- 
tal venous and hepatic venous glucose concentra- 
tion but also measurement of the precise contribu- 
tions of portal venous and hepatic arterial inflow 
to total hepatic blood flow. This is not possible 
in the intact animal because of the wide and 
capricious variation in the contribution of portal 
venous inflow to total hepatic blood flow, which 
may change from as little as 10 per cent to as 
much as 90 per cent of total hepatic blood flow 
(20). 

2. Insulin should be administered in a manner 
which minimizes the counter-regulatory response 
to hypoglycemia. Profound hypoglycemia with 
its attendant release of epinephrine (21, 22), 
adrenal cortical hormones (23, 24), and glucagon 
(25, 26), may obscure a hepatic effect of insulin 
by the marked increase in hepatic glucose release 
which characterizes the action of these counter- 
regulatory hormones (27-30). 

The present experiments were designed to meet 
these prerequisites in the following manner. First, 
dogs with complete end-to-side portacaval shunts 
were studied. This operation completely sepa- 
rates the liver from the remainder of the splanchnic 
tissues and thereby permits the measurement of 
hepatic rather than splanchnic glucose metabolism. 
Second, measures were taken to minimize or pre- 
vent the counter-regulatory mechanisms to hypo- 
glycemia. In one group of experiments, insulin 
was administered by slow infusion which produced 
a very gradual modest decline in arterial glucose 
concentration. In another group, the hypogly- 
cemic stimulus was further reduced in magnitude 
and duration by administering glucose after in- 
sulin infusion had been started. Finally hypo- 
glycemia was prevented by using diabetic dogs 
with fasting hyperglycemia. 
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METHODS AND PROCEDURE 


Complete end-to-side portacaval anastomoses were 
performed in one stage on adult mongrel dogs under 
general ether anesthesia. A minimal period of two 
weeks after portacaval surgery was allowed to pass 
prior to the performance of the experimental studies. 
By this time, the dogs had completely recovered from 
the operative procedure. Food was removed from the 
cages 15 hours before the dogs were anesthetized with 
Nembutal (25 mg per kg intravenously), which has been 
shown to alter neither hepatic blood flow nor hepatic 
oxygen utilization (31, 32). Hepatic venous blood sam- 
ples were collected through a cardiac catheter inserted 
into an external jugular vein and guided deep into a 
hepatic vein under fluoroscopic control. Position of the 
hepatic venous catheter was checked frequently during 
each experiment. Arterial samples were obtained 
through an indwelling Cournand needle placed in a fe- 
moral artery. 

Hepatic blood flow (EHBF) was estimated at 10 min- 
ute intervals by the clearance and extraction method of 
Bradley, Ingelfinger, Bradley and Curry (33), using I™- 
labeled rose bengal as the extractable material. The va- 
lidity of the clearance and extraction method of esti- 
mating hepatic blood flow in the presence of a portacaval 
shunt has been established by Bradley and co-workers 
(34). I*-rose bengal has been shown to be a satisfac- 
tory substance for the measurement of hepatic blood flow 
(35). <A solution of isotonic saline containing 20 uc of 
I™-labeled rose bengal per 100 ml was administered 
intravenous!y at a constant rate of approximately 1 ml 
per minute by means of a Bowman pump. After one 
hour to allow for equilibration, 3 ml samples of blood 
were drawn simultaneously from the femoral artery and 
hepatic vein at 10 minute intervals. Each sample was 
hemolyzed with powdered saponin and the radioactivity 
contained in duplicate 1 ml aliquots of the hemolyzed 
blood was measured in a deep-well scintillation counter. 
The coefficient of variation of the mean of pair determina- 
tions of I*-rose bengal from a group average is 0.52 per 
cent (36). Hepatic extraction of I*’-rose bengal always 
exceeded the minimum criteria of Bradley and associates 
(34), most values being in the range of 15 to 30 per 
cent. 

Hepatic blood flow was calculated from extrapolated 
data midway between two successive determinations of 
arterial and hepatic venous blood radioactivity by means 
of the formula: 


I + AAc X BV 


EHBF = 


where EHBF = estimated hepatic blood flow in milliliters 
per minute; I = infusion rate of I*-labeled rose bengal in 
counts per minute per minute; AAc = change in counts 
per milliliter of arterial blood per minute; BV = total 
blood volume in milliliters, estimated as 9 per cent of body 
weight; Ac = counts per minute per milliliter of arterial 
blood; and HVc = counts per minute per milliliter of 
hepatic vein blood. 


Midway between the sampling times for radioactivity, 
4 ml of blood was drawn simultaneously, with adequate 
precaution to prevent catheter dead space error, and at 
a constant rate over a 100 second interval from the fe- 
moral artery and hepatic vein for determination of glu- 
cose. To minimize glycolysis the blood was placed im- 
mediately into iced tubes containing oxalate and sodium 
fluoride and protein-free filtrates were prepared within 
10 minutes of collection. Blood glucose was determined 
in triplicate on each sample by the Somogyi copper 
iodometric method on 5 ml of blood filtrate prepared im- 
mediately from 3 ml blood samples, thereby providing a 
valid measurement of blood glucose within 1 mg per 100 
ml (37, 38). Hepatic glucose output (HGO) in milli- 
grams per minute at each 10 minute interval was calcu- 
lated as the product of the estimated hepatic blood flow 
(EHBF) and the hepatic venous-femoral arterial glucose 
concentration difference (HV-A). 

One group of experiments was designed to contrast the 
effects of the slow intravenous infusion and rapid intra- 
venous injection of insulin on hepatic glucose metabolism. 
After three or four control determinations of hepatic 
glucose output, glucagon-free insulin! was administered 
into a hind leg vein either slowly by constant infusion 
at a rate of 0.025 to 0.08 unit per minute in eight studies,” 
or rapidly in amounts of 5 to 9 units over a period of 15 
seconds in six studies. Hepatic glucose output was then 
measured at 10 minute intervals over the ensuing 60 to 
90 minutes. In some studies, the constant infusion of in- 
sulin was stopped, and additional determinations were ob- 
tained during the “recovery” period. 

Ten additional studies were performed under cir- 
cumstances calculated either to prevent or to reduce 
the magnitude of the hypoglycemic stimulus. In six 
experiments, insulin was administered at a rate of 
0.026 to 0.065 unit per minute by constant infusion in 
the usual manner. Thirty to 40 minutes after the 
start of the insulin infusion, glucose was added to the 
infusion and delivered at a rate of 25 to 200 mg per 
minute. Four other studies were performed in diabetic 
dogs with portacaval shunts. Diabetes was produced ‘iy 
the combination of subtotal pancreatectomy and alloxani- 
zation at least three weeks before each experiment. In 
these studies arterial glucose concentration fell from 
hyperglycemic levels during insulin infusion but never 
reached hypoglycemic levels. 


RESULTS 
1. Effect on hepatic glucose output 


Insulin adminis- 


A, Slow infusion of insulin. 
tered by slow intravenous infusion resulted, in 
each of the eight dogs, in an immediate and sig- 


1 We are indebted to Dr. W. R. Kirtley of the Eli 
Lilly Company for the generous supply of glucagon-free 
insulin. 

2 See Tables I, III, IV and V for the precise dose of in- 
sulin in units per kilogram per hour. 
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DIRECT EFFECT OF INSULIN ON HEPATIC GLUCOSE OUTPUT 


INSULIN 


0.0358 ufjmin 
we 14 ufkg/hr) 


- 200 
mt /min | 
-20 -10 410 
Time in minutes 


EHBF | 


Fic. 1. MEAN CHANGES IN HEPATIC VENOUS AND AR- 
TERIAL GLUCOSE CONCENTRATIONS, HEPATIC BLOOD FLOW, 
AND THE HEPATIC GLUCOSE OUTPUT DURING THE SLOW IN- 
FUSION OF GLUCAGON-FREE INSULIN. 


nificant (36) decline in hepatic glucose output 
(Tables I and II). The 44 per cent fall in mean 
hepatic glucose output, from the control value of 
45 mg per minute to the mean value of 25.3 mg 
per minute during the 60 minute period of insulin 
infusion, was attributed to a 52 per cent decrease 
in mean HV-A glucose difference which fell from 
18.6 mg per 100 ml to 8.8 mg per 100 ml (Figure 
1). During the last 30 minutes of insulin infu- 
sion, hepatic glucose output and HV-A glucose 
difference averaged 19.8 mg per minute and 7.4 


TABLE If 


Changes in hepatic glucose output from control during 
the slow infusion of insulin 


Hepatic glucose output, mg/min 


Decrease from control 
Minutes after start of insulin infusion 


Mean 
control 10 20 30 40 50 


z 


27.7 
31.5 
14.0 
11.3 
29.5 
27.1 
62.2 
13.1 


27.0 
<0.01 


10.1 
17.5 
15.4 
10.0 
24.2 
33.6 
35.5 
12.8 13.6 


19.9 27.4 
2 <0.01 <0.01 


30.8 
30.5 
12.3 
18.8 
26.8 
38.4 
48.1 


16.8 
31.2 
14.2 
16.8 
18.1 
26.7 
45.5 
12.6 


22.7 
<0.01 


wre 


7.9 
3.8 
4.0 
3:2 
1.5 
23.6 
4.5 
10.5 

7.6 

0.0 


Aw 


< 
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mg per 100 ml, a fall of 56 and 60 per cent, re- 
spectively, from control values (Figures 1 and 2). 

B. Rapid intravenous injection of insulin. In 
contrast to the immediate and striking decrease 
in hepatic glucose output associated with the slow 
infusion of insulin, the rapid intravenous injec- 
tion of insulin did not decrease hepatic glucose 
output (Table III). In no instance did hepatic 
glucose output fall significantly during the first 
40 minutes after rapid insulin injection when 
mean arterial blood glucose concentration was 
continuously falling. During this time hepatic 
glucose output averaged 51.0 mg per minute, a 21 
per cent increase over the control value. From 


OF CONTROL 


RAPID INJECTION 


insulin plus glucose infusion 


Insulin infusion 
insulin infusion~diabetic dog 


SLOW INFUSION 


J 
2 
a 
2 
° 
wW 
7) 
8) 
4 
4 


10 20 30 40 50 60 
TIME IN MINUTES 


Fic. 2. COMPARISON OF THE MEAN CHANGES IN HE- 
PATIC GLUCOSE OUTPUT FOLLOWING RAPID INTRAVENOUS 
INJECTION AND DURING THE SLOW INTRAVENOUS INFU- 
SION OF GLUCAGON-FREE INSULIN. 


40 to 70 minutes, when arterial blood glucose 
stopped falling and rose slightly, mean hepatic 
glucose output was 72.3 mg per minute, a value 
74 per cent above control (Figures 2 and 3). 

C. Studies in which hypoglycemia was mini- 
mized or prevented. In the diabetic dogs with 
portacaval shunts, mean hepatic glucose output 
decreased 51 per cent from the control value of 
76.8 mg per minute to a mean value of 37.9 mg 
per minute during the 60 minute period of insulin 
infusion (Table IV). During this time, HV-A 
glucose difference fell 65 per cent from 24.8 to 
8.7 mg per 100 ml. From 30 to 60 minutes after 


CONTROL 
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DIRECT EFFECT OF INSULIN ON HEPATIC GLUCOSE OUTPUT 


starting the insulin infusion, hepatic glucose out- 
put and HV-A glucose difference averaged 28.5 
mg per minute and 6.7 mg per 100 ml, a fall of 
63 and 73 per cent, respectively, from control val- 
ues (Figures 2 and 4). 

The administration of glucose following the 
start of the insulin infusion resulted in the great- 
est drop in hepatic glucose output although mean 
arterial glucose concentration remained below 
control values (Table V, Figures 2 and 5). 
After 30 minutes of insulin infusion, before glu- 
cose was administered, mean hepatic glucose 


6.45 units /nsulin 


Mean control AGO 


venous 


3 


8 


ml/min L 


-20 -10 


Time in minw 


Fic. 3. MEAN CHANGES IN HEPATIC VENOUS AND AR- 
TERIAL GLUCOSE CONCENTRATIONS, HEPATIC BLOOD FLOW, 
AND THE HEPATIC GLUCOSE OUTPUT AFTER THE RAPID IN- 
TRAVENOUS INJECTION OF GLUCAGON-FREE INSULIN. 


output had fallen to 20.4 mg per minute, a 53 
per cent decline from the control value of 43.3 
mg per minute (Table V). During the last 30 
minutes when glucose was infused with insulin, 
hepatic glucose output declined strikingly and 
averaged only 7.3 mg per minute, an 83 per cent 
reduction from the mean control. This marked 
depression in mean hepatic glucose output oc- 
curred despite a rise of only 5.3 mg per 100 ml in 
mean arterial glucose concentration, which re- 
mained 10.3 per cent below the mean control value 
(Figure 5). Not only was mean hepatic glucose 
output reduced to lower levels than in any of the 
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Fic. 4. MEAN CHANGES IN HEPATIC VENOUS AND AR- 
TERIAL GLUCOSE CONCENTRATIONS, HEPATIC BLOOD FLOW, 
AND THE HEPATIC GLUCOSE OUTPUT IN DIABETIC DOGS 
DURING THE SLOW INTRAVENOUS INFUSION OF GLUCAGON- 
FREE INSULIN. 


other experiments (Figure 2), but in Dog 119 
(Table V) actual storage of glucose by the liver 
occurred when arterial blood glucose concentration 
was about 10 mg per 100 ml below the control 
level. 
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Fic. 5. MEAN CHANGES IN HEPATIC VENOUS AND AR- 
TERIAL GLUCOSE CONCENTRATIONS, HEPATIC BLOOD FLOW, 
AND THE HEPATIC GLUCOSE OUTPUT DURING THE SLOW 
INFUSION OF GLUCAGON-FREE INSULIN PLUS GLUCOSE. 
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TABLE IV 


Effect of infusion of glucagon-free insulin on the hepatic glucose output of diabetic dogs 


Control values* 
—20 —10 


Time during insulin infusion 


10 30 40 50 


EHBF 572 533 
HV 145.5 150.2 
A 134.5 128.7 
HV-A 11.0 21.5 
HGO 62.9 114.5 


Insulin 


No. 417 181 175 
17.2 kg 


215.0 
188.9 
26.1 
47.2 


199.2 
183.6 
15.6 
27.4 


Insulin 


No. 529 EHBF 
HV 


Q 
17.7kg A 
HV-A 
HGO 


Insulin 


308 
299.3 
237.5 
61.8 
190.3 


333 

262.8 

242.5 
20.3 
67.6 


No. 729 EHBF 
HV 


16.8kg A 
HV-A 
HGO 


Insulin 


283 317 

198.2 196.2 

181.8 179.5 
16.4 16.7 
46.4 52.9 


EHBF 336 

HV 214.5 
A 185.7 
HV-A 28.8 
HGO 86.7 


Insulin 


571 526 527 505 
154.9 . 141.5 129.0 114.3 
140.2 130.3 119.8 105.4 
14.7 11.2 9.2 8.9 
83.9 58.9 48.5 44.9 


—— 0.079 units/min (0.2 units/kg/hr) 


185 183 169 178 189 193 
177.3 $6.5 158.4 150.4 143.1 
168.3. 160.5 151.2 146.6 138.3 

9.0 6.0 7.2 3.8 4.8 

16.7 11.0 12.2 6.8 9.1 


——— 0.086 units/min (0.3 units/kg/hr) ———> 


342 448 
269.8 238.0 225.0 220.3 207.0 
239.8 233.8 220.0 209.0 198.5 

30.0 4.2 5.0 11.3 8.5 
102.6 18.8 19.2 46.4 42.3 


0.074 units/min (0.25 units /kg/hr) ———> 


384 411 498 


282 264 289 402 473 531 
190.4 1744 155.1 131.6 114.1 95.1 

171.9 161.2 149.3 126.8 108.2 91.8 
18.5 13.2 5.8 4.8 59 3.3 


52.2 34.8 16.8 19.3 27.9 17.5 
—— 0.070 units/min (0.25 units /kg/hr) ———> 


345 356 342 379 
198.1 181.4 1700 157.8 144.6 130.0 
180.0 173.6 162.7 150.5 137.6 125.5 

18.1 7.8 V3 7.3 7.0 4.5 


63.9 26.4 26.8 30.2 31.0 215 
—— 0.077 units/min (0.25 units /kg/hr) ———> 


416 447 


* See Table I for abbreviations. 


2. Calculated effect of insulin on peripheral glu- 
cose utilization 


These data on the changes in hepatic glucose 
output give some insight into the approximate al- 
terations in peripheral glucose utilization which 
attend the slow infusion and rapid injection of in- 
sulin. Assuming a glucose space * of 30 per cent 
of the body weight of the dog (39-41), the mag- 
nitude of the glucose pool prior to and after in- 


3 The glucose space has been variously estimated be- 
tween 19.5 and 30 per cent of body weight (39, 40). In 
dogs it is apparently close to 25 per cent (41). The 
larger estimate, 30 per cent of body weight, was used in 
these calculations in order to correct for the 12 per cent 
higher concentration of glucose in plasma compared to 
whole blood and, therefore, to prevent overestimation 
of the hepatic contribution to total decrease in glucose 
pool. 


sulin administration can be calculated. Since the 
hepatic contribution to this change in glucose pool 
is known, alterations in peripheral glucose utiliza- 
tion occurring simultaneously can be approxi- 
mately estimated. The calculated data indicate 
three different types of response to insulin, ap- 
parently dependent upon the rate of insulin ad- 
ministration and the availability of glucose for 
peripheral utilization (Table VI). First, when 
insulin was administered by slow infusion in 
nondiabetic dogs, the decrease in mean hepatic 
glucose output accounted for the entire reduction 
in the size of the glucose pool, there being, there- 
fore, no evidence of increased peripheral glucose 
utilization. Second, precisely the reverse changes 
occurred following the rapid injection of insulin. 
Since hepatic glucose output increased, the entire 
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DIRECT EFFECT OF INSULIN ON HEPATIC GLUCOSE OUTPUT 


decline in the glucose pool must have been the 
consequence of a marked increase in peripheral 
glucose utilization. These data confirm a previ- 
ous study from this laboratory (14) in which the 
effects of the slow infusion and rapid injection of 
insulin on peripheral glucose utilization, as re- 
flected by changes in femoral arteriovenous glu- 
cose difference, were compared in normal human 
subjects. Following the rapid injection of insulin, 
mean arteriovenous glucose difference increased 
from 1.8 to 9.3 mg per 100 ml, whereas during the 
fall in arterial glucose concentration which at- 
tended the slow infusion of insulin, mean arterio- 
venous glucose difference narrowed from 1.6 to 
0.5 mg per 100 ml. Third, when glucose was de- 
livered to the peripheral tissues, as in the diabetic 
dogs and in those dogs given glucose plus insu- 
lin, the decrease in the glucose pool after insulin 
was the consequence of both a decline in the he- 
patic output of glucose and of an increase in 
peripheral glucose utilization (Table VI). 


3. The effect of the establishment of a portacaval 
shunt on hepatic blood flow and hepatic glu- 
cose metabolism 


In the present studies control hepatic blood flow 
in dogs with portacaval shunts averaged 281 ml 
per minute or 15 + 2.8 ml per kg per minute. In 
17 other studies in dogs without portacaval 
shunts, which were performed in this laboratory 
utilizing the same technics, hepatic blood flow 
averaged 38.3 ml per kg per minute, a value simi- 
lar to that reported by others (42-44). 

Despite the large decrement in hepatic blood 
flow, there was no apparent change in hepatic 
glucose output following the establishment of the 
portacaval shunt either in these or in other stud- 
ies (45). Mean control hepatic glucose output 
of 2.36 + 0.9 mg per kg per minute found in these 
studies compares closely with values of 2.0 + 0.2 
mg per kg per minute reported by Lipscomb and 
Crandall (46) and 2.29 mg per kg per minute 
recalculated from the data of Steele and associ- 
ates (47). 


DISCUSSION 


Under conditions of these experiments, an im- 
mediate and significant decline in hepatic glucose 
output occurred in response to insulin whenever 
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it was administered in a manner calculated to re- 
duce counter-regulatory mechanisms to hypogly- 
cemia (Tables I, IV and V). By contrast, when 
insulin was given by rapid intravenous injection, 
either no change or an increase in hepatic glu- 
cose output was found (Table III). This marked 
difference in the hepatic action of insulin following 
the different rates of insulin administration is 
probably related to the magnitude of stimulation 
of counter-regulatory mechanisms to hypogly- 
cemia. During the slow infusion of insulin, mean 
arterial glucose concentration fell only 21 mg per 
100 ml in 60 minutes, whereas following the rapid 
injection of insulin, mean arterial glucose con- 
centration dropped to 38.5 mg per 100 ml in 
only 40 minutes. The greater release of epineph- 
rine, adrenal cortical hormones and glucagon 
which would be anticipated when profound hypo- 
glycemia supervenes (21-30) apparently counter- 
balanced and overwhelmed the effect of insulin 
on the liver. 

The greater decline in hepatic glucose output 
which occurred when the duration and magnitude 
of hypoglycemia was further reduced by adminis- 
tering glucose after insulin infusion had been 
started (Table V), lends strong support to the 
thesis that by diminishing the homeostatic re- 
sponse to hypoglycemia, a more potent hepatic 
action of insulin can be unmasked. When insu- 
lin alone was infused mean hepatic glucose output 
fell 56 per cent during the last 30 minutes of in- 
fusion, whereas when glucose was added mean 
hepatic glucose output fell 83 per cent during a 
similar period of time (Figure 2). 

In the experiments in which a direct hepatic 
effect was demonstrated, insulin was infused into 
a peripheral vein and reached the liver only after 
dilution in the blood volume and in the proportion 
of hepatic blood flow to total cardiac output. This 
would suggest that even smaller amounts of in- 
sulin injected into the portal vein would have a 
similar, if not greater, hepatic effect. Other pub- 
lished data from this laboratory support the con- 
tention that intraportally administered insulin has 
a greater hepatic action than has insulin given via 
a peripheral vein (13). 

The calculated decline in the glucose pool could 
be ascribed in large part, if not entirely, to the de- 
crease in hepatic glucose output when insulin 
alone was administered by slow infusion and to 
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the increase in peripheral glucose utilization fol- 
lowing the rapid injection of insulin, Just as the 
hepatic effect of insulin was masked by counter- 
regulatory mechanisms to hypoglycemia, so too 
was the peripheral effect obscured by the de- 
creased delivery of glucose to the peripheral tis- 
sues during insulin infusion (Table VI). Ina 
sense, both circumstances are unphysiological 
since insulin secretion is usually stimulated by the 
rising blood glucose concentration that follows 
a carbohydrate load. Under physiological condi- 
tions the magnitude of the hepatic and peripheral 
contributions to the decrease in the glucose pool 
more likely approaches that found in the diabetic 
dogs and in the dogs given insulin plus glucose 
than that which followed either the slow infu- 
sion alone or the rapid injection of insulin (Table 
VI). 

The results of these experiments, which show 
by direct measurement an immediate effect of in- 
sulin upon hepatic glucose output, differ from 
many other in vivo and in vitro studies which 
have failed to elicit a consistent and reproducible 
effect of insulin on the liver (5-12). While a 
positive in vitro effect of insulin on hepatic glu- 
cose metabolism is probably meaningful, the fail- 
ure to find a consistent effect, or any effect, does 
not constitute unequivocal evidence that such an 
action does not exist in the intact organism. The 
failure to obtain an in vitro effect may be linked 
with the difficulty in maintaining the integrity of 
both morphologic and functional organization of 
the liver and with the inability to simulate pre- 
cisely in vivo nutritional conditions. Stetten has 
recently aired the problems inherent in equating 
rates of metabolic processes or even their presence 
from in vitro studies on isolated tissues with that 
which pertains in intact organisms, especially in- 
sofar as the liver is concerned (48). The rate- 
limiting step of a metabolic process in a liver slice 
may be the rate of transfer of nutrient from the 
bath to the “liver slice sloshing leisurely in a ves- 
sel” (48), a condition quite dissimilar from in 
vivo studies in which each hepatic cell is in inti- 
mate contact with the perfusing blood. 

Other in vivo studies have produced inferential 
data indicating that insulin has a profound and 
significant effect on hepatic glucose output (16- 
19, 49-53), a minor and physiologically insignifi- 
cant effect (7), and no effect (6, 8-11). In view 
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of these different results, a critical analysis of the 
various technics used is pertinent to help resolve 
the apparent paradox of these conflicting data. 
The following differences in experimental de- 
sign may be related to these discrepant results. 
1) In some studies changes in splanchnic rather 
than in hepatic glucose output were measured 
(49-52) ; 2) in most studies insulin was adminis- 
tered in amounts and at rates that evoked severe 
arterial hypoglycemia (6-11, 17, 50, 51) which, 
in the light of the data from the present study, 
probably precludes the demonstration of a hepatic 
effect of insulin ; 3) isotopic technics, which meas- 
ure only hepatic glucose production and are in- 
capable of measuring hepatic glucose utilization, 
were used (6-11, 17, 18). 

Although Bondy, Bloom, Whitner and Farrar 
(49), and Bearn, Billing and Sherlock (50, 51) 
reported an immediate effect of insulin on 
splanchnic glucose metabolism, the limitations of 
the hepatic venous catheter technic insofar as the 
measurement of hepatic in contrast to splanchnic 
glucose metabolism in intact animals is concerned, 
have been pointed out by Bondy (49) and others 
(52, 53). Shoemaker, Mahler and Ashmore (11) 
attempted to separate hepatic from extrahepatic 
splanchnic glucose metabolism by measuring both 
splanchnic blood flow and the concentrations of 
glucose in arterial, portal and hepatic venous 
blood. No decrease in hepatic glucose output 
following insulin was observed, a finding simi- 
lar to those experiments in the present study in 
which marked arterial hypoglycemia was _pro- 
duced; in all but two of their experiments, insu- 
lin was administered at rates and in amounts 
which evoked severe arterial hypoglycemia. Their 
failure to find a decrease in hepatic glucose out- 
put in the two other experiments in which a grad- 
ual decline in blood glucose concentration was pro- 
duced by slow insulin infusion, may be related to 
their inability to completely separate the hepatic 
and extrahepatic splanchnic beds by assuming 
that 80 per cent of total hepatic blood flow is con- 
tinuously derived from the portal venous inflow. 
Such an assumption may be unwarranted in view 
of the wide and momentary fluctuation in the 
portal venous contribution to total hepatic blood 
flow reported by Soskin, Essex, Herrick and 


Mann (20). 
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Two other types of studies have been designed 
to measure the effect of insulin upon hepatic glu- 
cose metabolism by following changes in the spe- 
cific activity of blood glucose, labeled by the ad- 
ministration of a tracer dose of uniformly labeled 
glucose-C'*. Dunn and associates (17) and 
Jacobs and co-workers (18), utilizing the “single 
injection” technic, reported a significant decline 
in hepatic glucose output after insulin administra- 
tion, particularly when severe hypoglycemia was 
avoided, whereas no significant hepatic effect of 
insulin was obtained with the ‘“primer-infusion” 
technic (7-9). Proponents of the “primer-infu- 
sion” technic (8-9) have leveled serious criticism 
against the interpretation of data from studies us- 
ing the “single injection” method. The “plateau- 
ing” effect following insulin administration in the 
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“single injection” technic, is claimed to be the con- 
sequence of a diminished hepatic output of un- 
labeled glucose (17, 18). Others have considered 
it, in whole or in part, to be an artifact (6, 8, 9, 
11, 12) and attributable to recycling of labeled 
intermediaries, or to the release of glucose with— 
high isotopic abundance not only from the outer 
tiers of hepatic glycogen labeled during initial 
equilibration (8, 12) but also from the mucosal 
cells of the gastrointestinal tract (11). More- 
over, in the “single injection” technic the expo- 
nential decline in specific activity may represent 
hepatic output of C**-glucose during a steady state 
but not necessarily during rapid changes in glu- 
cose pool size when the rate of change in pool size 
is greater than the rate of mixing throughout 
compartments of the pool (6-9, 54). To over- 
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come these objections, Tarding and Schambye 
combined measurement of total splanchnic glu- 
cose output with that of the specific activity of 
glucose entering and leaving the liver (6), thereby 
permitting quantitation of hepatic release of un- 
iabeled glucose even at times of rapid change in 
pool size. Such studies also failed to demonstrate 
a hepatic action of insulin (6). 

In both Tarding’s study and in those using the 
‘“primer-infusion” technic (7-9), insulin was ad- 
ministered by rapid intravenous injection in most 
experiments. However, in those instances in 
which published data are available and in which 
insulin was given by slow infusion (6, 9), no 
significant decrease in hepatic glucose output was 
found, a result different from that reported in the 
present studies. 

A serious objection, in the opinion of the pres- 
ent authors, to all the aforementioned isotope dilu- 
tion studies (6-11, 17-19) is that such studies 
can measure only new glucose production by the 
liver. Hepatic glucose utilization cannot be meas- 
ured nor can it be differentiated from peripheral 

‘glucose utilization. Only if insulin exclusively or 
mainly affected new glucose production would 
these be valid methods for determining the effect 
of insulin on the liver (Figure 6, Parts A and B). 
If, on the other hand, initially the major or ex- 
clusive hepatic effect of insulin was the stimulation 
of glucose utilization by the liver cells, the methods 
would not be sensitive enough to measure a rela- 
tively small change in production or would be 
valueless as a technic for determining the hepatic 
effect of insulin (Figure 6, Parts C and D). In 
view of these considerations, the failure to find 
an effect of insulin on hepatic glucose metabolism 
by isotopic dilution technics (6-11) does not con- 
stitute definitive proof that such an effect does not 
occur. 

The similarity in the hepatic glucose output 
(2.29 mg per kg per minute) found in the isotope 
dilution studies (47) which measure hepatic glu- 
cose production, and in the present studies (2.36 
mg per kg per minute) which measure the net 
balance of glucose across the liver (production 
minus utilization), suggests that in the postab- 
sorptive state, prior to insulin administration, he- 
patic utilization of glucose, like that of muscle 
(55), is small. Failure of isotope dilution tech- 
nics (6-9) to detect any decrease in hepatic glu- 
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cose production after insulin administration, 
whereas an immediate effect was noted in the 
present studies, implies that initially the major 
hepatic effect of insulin is the stimulation of glu- 
cose utilization by the liver cells, an action quite 
similar to that which insulin evokes in muscle. 
In view of the free permeability of liver to glucose 
(56) in contrast to the permeability of muscle 
to glucose (57, 58), it is possible that in the liver 
insulin acts either by altering the permeability of 
some intracellular membrane to glucose, simu- 
lating its action on muscle cell membrane, or by 
changing the activity of hepatic glucokinase. The 
rapidity with which the change in hepatic glucose 
output occurred both in normal and diabetic dogs 
in the present studies may favor its action on an 
intracellular membrane. 


SUMMARY AND CONCLUSIONS 


Twenty-four experiments were performed on 
dogs with complete end-to-side portacaval shunts 
to determine whether insulin has a direct effect on 
hepatic carbohydrate metabolism and also to as- 
certain whether the rate of insulin administration 
altered the magnitude of its peripheral and hepatic 
action. Dogs with portacaval shunts were selected 
since, in this preparation, the liver is completely 
separated from the extrahepatic splanchnic bed, 
thereby permitting measurement of glucose bal- 
ance across the liver alone rather than across the 
entire splanchnic bed. 

An immediate and physiologically significant 
effect of insulin on the liver has been demonstrated 
for the first time by direct measurement; when 
insulin was administered by slow intravenous in- 
fusion in a manner which minimized or prevented 
hypoglycemia and its attendant counter-regula- 
tory response, a prompt decline in hepatic glu- 
cose output of considerable magnitude ensued. 
In contrast, when insulin was administered by 
rapid intravenous injection, hepatic glucose out- 
put either remained unchanged or increased. The 
failure of other studies to find a hepatic effect of 
insulin may be related to the rapid rate of insulin 
administration and also to the fact that the isotopic 
dilution technics permit the measurement only of 
hepatic glucose production and cannot quantitate 
hepatic glucose utilization. 
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Within the last six years the identification of 
several new substances with thyroid hormone-like 
activity has led to a re-evaluation of the physio- 
logical role of thyroxine and of its analogs and 
derivatives. Since its isolation in 1915 (1) thy- 
roxine was considered the most biologically po- 
tent of all simple thyroactive materials until the 
discovery by Gross and Pitt-Rivers (2) and by 
Roche, Lissitzky and Michel (3) that 3,5,3’-tri- 
iodo-L-thyronine (trit) was four to five times 
more effective in both animals and man. 

The acetic acid analogs of thyroxine and trit 
have been actively investigated since 1953 (4). 
Thibault and Pitt-Rivers (5-7) described a unique 
action of these compounds in that they produced 
an increased oxygen consumption in vitro without 
previous injection into animals. The maximum 
effects were reached in 15 minutes and disap- 
peared after 90 minutes. A single injection of 
these drugs into thyroidectomized rats increased 
oxygen consumption within two hours. Although 
these studies have not been confirmed (8, 9), they 
resulted in the postulate that this might be the 
form of the thyroid hormone utilized at the tissue 
level. This suggestion became even more attrac- 
tive when these substances were isolated from 
tissues and homogenates (10-17). 

Other studies in man have suggested a dissocia- 
tion of responses to those drugs (18-25). In pa- 
tients with hypothyroidism, (19, 21) it was noted 
that on small doses of the acetic acid analogs the 
serum cholesterol level fell, the nitrogen and 


* These studies were supported in part by the Warner- 
Lambert Research Institute, Wyeth Laboratories, the 
Eli Lilly Company and the Upjohn Company. 

+ Trainee of the National Institute of Arthritis and 
Metabolic Diseases of the National Institutes of Health, 
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~ Student Research Fellow in Metabolism of the Na- 
tional Institutes of Health, Bethesda, Md. 


phosphorus balances became negative, and the pa- 
tients were clinically improved without any sig- 
nificant change in basal metabolic rate. Other 
studies in euthyroid subjects have demonstrated 
a lowering of the serum cholesterol level, which 
was usually temporary, with no effect on the basal 
metabolic rate, following the administration of 
small amounts of these acetic acid analogs (18, 20- 
22, 24-27). These findings suggested that there 
might be more than one thyroid hormone, that the 
acetic acid derivatives were primarily effective in 
cholesterol metabolism, or that a change in the 
basal metabolic rate was not an obligatory ac- 
companiment of thyroid hormone activity. Other 
workers, (9, 26-29) have been unable to find a 
unique dissociation of responses to these com- 
pounds in patients with myxedema, although one 
study (29) has demonstrated a dose-related dis- 
sociation of responses to all thyroactive substances 
investigated. 

The present studies were designed to evaluate 
further, both in animals and in man, the metabolic 
actions of 3,5,3’-triiodothyroacetic acid (triac), 
3,5,3’,5’-tetraiodothyroacetic acid (tetrac), 3,5,3’- 
triiodothyropropionic acid (triprop), and 3,5,3’,5’- 
tetraiodothyropropionic acid (tetprop). The ef- 
fects of these compounds were compared qualita- 
tively and quantitatively with those of L-thyroxine 
and trit. 


MATERIALS AND METHODS 


Animal studies. Thyroidectomized rats were used as 
sensitive test animals on which to determine the com- 
parative metabolic effects of L-thyroxine, trit, and their 
respective acetic acid and propionic acid analogs.1 Four 


1The authors are grateful to the following for the 
compounds used in these studies: a) Dr. H. A. Fevold 
of Travenol Division of Baxter Laboratories for t-thy- 
roxine; b) Smith, Kline and French Laboratories for 
3,5,3’-triiodo-L-thyronine; c) Dr. Rosalind Pitt-Rivers 
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EFFECTS ON TISSUE OXYGEN CONSUMPTION OF THYROACTIVE MATERIALS 
ADDED TO INCUBATION MEDIUM IN VITRO 


Thyroxine, Tetrec 05-5.0, Trit & Triec.01-LO ugms /mi 
| 50 “ 1o ugms/mi 


% CONTROL 009 


0-15 0-60 
HEART 


0-15 0-60 
LIVER 


Minutes 0-15 0-60 


Fic. 1. OXYGEN CONSUMPTION OF SLICES OF KIDNEY, LIVER AND HEART 
FROM THYROIDECTOMIZED RATS. Studies were made in Krebs-Ringer phos- 
phate glucose solution to which were added the quantities shown of thyrox- 
ine, tetrac, trit or triac. Values are expressed as per cent of the control 
flasks containing the same amount of alkali (0.005 N, final concentration) 
as that used to dissolve the thyroactive materials. Each bar is the average 
of eight experiments with readings covering the first 15 minutes and first 


60 minutes after a preliminary 15 minute equilibrium period at 37° C. 


types of studies were made: a) the im vitro response of 
kidney, liver and heart slices to the thyroactive ma- 
terials; b) the response of heart, diaphragm and skeletal 
muscle oxygen consumption to single large doses of the 
thyroactive materials injected into thyroidectomized rats ; 
c) the action of similar single large doses of these com- 
pounds on the basal metabolic rates of thyroidectomized 
rats; and d) the effects of repeated subcutaneous injec- 
tions of the thyroactive substances on the metabolic rate 
of seven selected tissues of thyroidectomized rats. In 
every case the animals were etherized, exsanguinated 
and the desired tissues removed. These were kept moist 
with Ringer’s solution at 5° C while making suitable 
preparations (blunt-dissected muscle fiber bundles, iso- 
lation of portions of diaphragm and razor blade slices of 
other tissues) for study of their oxygen consumption. 
These measurements were made with the standard Bar- 
croft-Warburg technic in a phosphate-buffered Krebs- 
Ringer solution with glucose as the substrate. 

Clinical studies. Clinical effects of these compounds 
were evaluated in three patients with primary hypo- 
thyroidism who were studied while being treated with 
one or more of the following compounds: trit, triac, 
tetrac, triprop, tetprop, thyroxine or desiccated thyroid 
substance. 

All patients were studied on the metabolic ward of 
3irmingham Veterans Administration Hospital. Basal 


for some of the acetic acid analogs; and d) Dr. Michael 
C. Barry, Division of Clinical Research, The Warner- 
Lambert Research Institute, for the majority of the acetic 
and all of the propionic acid analogs. 


metabolic rates (BMR) were determined by a member 
of the research group using a Benedict-Roth machine. 
Measurements were made at 8:00 a.m. prior to the pa- 
tients’ daily medication. Pentobarbital, 90 mg, was 
routinely given orally at bed time the night before the 
measurement was made. The serum protein-bound io- 
dine levels (PBI) were determined by a modification of 
the Barker Humphrey and Soley alkaline-ash method 
(30). The serum cholesterol levels were determined by 
the method of Pearson, Stern and McGavack (31). 
Thyroxine and dessicated thyroid were administered 
orally in a single morning dose. Trit, triac, tetrac, 
triprop and tetprop were administered orally in two or 
three divided daily doses. Measurements of the BMR, 
serum cholesterol and serum protein-bound iodine levels 
were made at one to three day intervals. In general, 
medication was held constant at each dose level until 
stabilization of these measurements had been obtained. 

Clinical summaries. Case 1. F.S., a 62 year old male 
retired farmer, was admitted with typical primary 
myxedema. He was found to have a BMR of — 37 per 
cent, a serum cholesterol level of 452 mg per 100 ml, less 
than 1 per cent uptake of I™ over the thyroid at 24 hours, 
and a serum protein-bound iodine level of 1.7 ug per 
100 ml. Forty-eight hours after administering 30 units 
of thyroid-stimulating hormone (TSH) intramuscularly, 
the 24 hour thyroidal I™ uptake was 6 per cent, which 
was interpreted as indicating primary hypothyroidism. 

He was treated with increasing doses of trit until 
he gradually became euthyroid. Treatment was then 
withheld until he was again myxedematous. At this 
time therapy was instituted with tetrac which was gradu- 
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ally increased until he was again euthyroid. He was 
then placed successively on triac, thyroxine, and des- 
sicated thyroid. The doses of the last three compounds 
were adjusted so as to maintain clinical euthyroidism and 
normal basal metabolic rates. 

Case 2. T.H., a 62 year old male construction worker, 
entered the hospital with signs and symptoms suggest- 
ing primary hypothyroidism. The BMR was — 43 per 
cent. The serum protein-bound iodine level was 1.0 ug 
per 100 ml and the serum cholesterol was 386 mg per 
100 ml. The I uptake over the thyroid was 8.9 per 
cent in 24 hours; two days after administering 20 units 
of TSH intramuscularly the thyroidal uptake of I™ was 
7.6 per cent. 

Therapy was started with small doses of triiodothyro- 
nine, which were gradually increased until he was clini- 
cally euthyroid and had normal basal metabolic rates. 
He was then placed on triac and tetrac successively, at 
dose levels which were adjusted to maintain clinical 
euthyroidism and normal basal metabolic rates. Therapy 
was then withdrawn until he was again myxedematous, 
after which he was treated with triprop in gradually in- 
creasing doses until euthyroidism was again established. 
He was then placed on thyroxine and desiccated thyroid 
in turn at dose levels adjusted to maintain clinical eu- 
thyroidism and normal basal metabolic rates. 

Case 3. R.M., a 48 year old male carpenter, was 
admitted to the hospital with a history of hypothyroidism 
following a therapeutic dose of I™ given five months 
previously for toxic nodular goiter. His BMR _ was 
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— 38 per cent, the serum protein-bound iodine level was 
3.1 ug per 100 ml, and the serum cholesterol level was 
410 mg per 100 ml. The 24 hour thyroidal uptake of a 
tracer dose of I™ was 3.9 per cent. He was treated with 
tetprop in gradually increasing doses until clinical eu- 
thyroidism and normal basal metabolic rates were es- 
tablished. 


OBSERVATIONS 


Animal studies. Many unsuccessful attempts to 
demonstrate an acceleration of tissue oxygen con- 
sumption by the im vitro addition of thyroactive 
substances are summarized in Figure 1. Thyrox- 
ine and tetrac were without effect on slices of 
kidney, liver and heart from thyroidectomized ani- 
mals when 0.05 to 5.0 wg were added per ml of 
incubation medium, as were trit and triac at dose 
levels of from 0.01 to 10.0 wg. At a level of 50 
pg of thyroxine or tetrac per ml, depression of 
heart and kidney metabolism was evident. 

To answer the possibility that the compounds 
applied in vitro above were not adequately pene- 
trating the tissues, thyroidectomized animals were 
in‘ected subcutaneously with one of the follow- 
ing: 2.0 mg thyroxine per kg body weight, 2.0 mg 
tetrac, 1.0 mg trit or 1.0 mg triac. After allow- 


THYROXINE 


CONTROL Q02 


DIAPHRAGM 


SKELETAL MUSCLE 


2-3 


3-4 
* HOURS AFTER INJECTION. ANIMALS SACRIFICED AT 13 HRS. 


3-4 2-3 


Fic. 2, THE OXYGEN CONSUMPTION OF HEART, DIAPHRAGM AND SKELETAL 
MUSCLE REMOVED FROM THYROIDECTOMIZED RATS AFTER A SINGLE SUBCUTANE- 
OUS INJECTION OF THYROXINE (2 MG PER KG), TRIT (1 MG PER KG), TETRAC 


(2 MG PER KG) OR TRIAC (1 MG PER KG). 


Animals were sacrificed at 1.75 


hours after injection and tissue metabolism was studied at 37° C from two 


to three and from three to four hours after the injection. 


Each value, the 


average of six experiments, is expressed as the per cent of a corresponding 


saline control-injected animal. 
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MYXEDEMA :— *~CASE |, FS.,62,MALE 


*~CASE 2, T.H.,62,MALE 


Cholestero! 
(mg / 100 ml ) 


T T T T 


97 103 109 115 12! 127 133 139 145 15! 


Fic. 3. THE EFFECT OF GRADUALLY INCREASING DOSES OF TRIT ON THE BASAL 
METABOLIC RATE, SERUM CHOLESTEROL LEVEL, AND SERUM PROTEIN-BOUND IODINE 
LEVEL OF TWO PATIENTS WITH PRIMARY HYPOTHYROIDISM. 


ing 1.75 hours for absorption, the animals were 
sacrificed, and heart, diaphragm and skeletal mus- 
cle were prepared at 5° C for oxygen consump- 
tion studies. It is evident from Figure 2 that no 
consistent metabolic changes were produced in 
these tissues during the third and fourth hours 
after injection of the animals, the time of maxi- 
mum effect previously reported for the acetic acid 
analogs (5). 

Paralleling the lack of in vitro or immediate in 
vivo oxygen consumption effects just demon- 
strated was a similar series of whole-animal BMR 
measurements covering the four hour time range 
after a single subcutaneous injection of the same 
compounds. The results are shown in Table I, 
as percentage of BMR determinations obtained 
on the same uninjected thyroidectomized animals. 
There was a slight elevation in metabolic rate 
from 0.5 to 1.5 hours postinjection, probably be- 
cause of the necessary handling of the animals. 
After that period, the BMR’s settled down to the 


+10 per cent range usually encountered with 
such animals. 

In contrast to the absence of in vitro or immedi- 
ate in vivo oxygen consumption responses to these 


TABLE I 
Basal metabolic rates of thyroidectomized rats after 
subcutaneous injection of thyroxine, trit, 
tetrac or triac 


Thyroxine Trit Tetrac 
2 mg/kg 1 mg/kg 2 mg/kg 


80.6 82.3 79.4 77.0 
% % % AS 
106.7 109.9 112.7 103.1 
118.4 107.2 110.8 96.7 
95.1 93.5 95.2 102.8 
104.0 104.7 103.3 111.6 
112.6 96.1 109.2 110.3 
105.0 107.9 107.5 104.2 
108.6 100.0 105.3 108.9 


Hours after 


injection 1 mg/kg 


Control* 


* Postabsorptive oxygen consumption is given as milli- 
liters per 100 g body weight per hour prior to injection; all 
other figures are percentages of control. There were eight 
animals in each group. 
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thyroactive substances are results (Table II) 
showing that the compounds given to thyroidecto- 
mized animals in adequate doses over a more ex- 
tended time are capable of causing appreciable 
increases in metabolic rate. These data were ob- 
tained by injecting subcutaneously the dose shown 
once each day for four days, then sacrificing 
the animals on the fifth day. The doses shown 
were selected because the increases in metabolic 
rates of the various tissues were all in the range 
of 25 to 35 per cent above controls. Computed 
on such a basis, both triac and triprop were 3.4 
and 3.8 times as active as tetrac and tetprop, re- 
spectively, an enhancement approaching the 4.3 
ratio of trit to thyroxine. 

Clinical studies. Improvement in hypothyroid- 
ism was obtained from all substances studied 
when given in large enough doses. Cases 1 and 2 
were treated initially with trit, starting with small 


Myxedema:- e-CASE!,F.S.,62,M 
o-CASE 2,TH.,62,M 
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PBI (49/100 ml) 


BEFORE Rx 


Fic. 4. THE EFFECT OF TRIAC ON THE BASAL METABOLIC 
RATE, SERUM CHOLESTEROL LEVEL, AND SERUM PROTEIN- 
BOUND IODINE LEVEL OF TWO PATIENTS WITH PRIMARY 
HYPOTHYROIDISM. Although Case 1 was myxedematous, 


as a result of tetrac administration which had been 
withdrawn one month previously. Triac was given 
to Case 2 immediately after stopping trit. 
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the serum protein-bound iodine level remained elevated | 
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Fic. 5. THE EFFECT OF TETRAC ON THE BASAL META- 
BOLIC RATE, SERUM CHOLESTEROL LEVEL, AND SERUM PRO- 
TEIN-BOUND IODINE LEVEL OF TWO PATIENTS WITH PRI- 
MARY HYPOTHYROIDISM. Tetrac was given to Case 2 im- 
mediately after stopping triac. 


oral doses and gradually increasing to a maximum 
maintenance dose of 100 wg per day. Increments 
of 5 wg were made every third day up to a dose of 
80 »g in Case 2, and somewhat more slowly in 
Case 1 (Figure 3). The basal metabolic rate 
did not start to rise until a dose of approximately 
40 wg was reached. In both cases, however, it 
was observed that the cholesterol was consistently 
reduced on doses of 20 to 30 wg per day (Figure 
3). At this dose level clinical improvement was 
also manifest. Both patients were clinically 
slightly hyperthyroid on a dose of 100 wg per day 
and were euthyroid on 90 wg per day. The 
BMR returned to normal and the serum PBI level 
remained in the myxedematous range as expected 
(32-34). 

As illustrated in Figure 4, triac was begun in 
Case 1 when the patient was myxedematous, with 
elevated serum cholesterol levels and low BMR’s, 
but with a persistently elevated serum PBI level as 
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Fic. 6. THE EFFECT OF TRIPROP ON THE BASAL METABOLIC RATE, 


SERUM 


CHOLESTEROL LEVEL, AND SERUM PROTEIN-BOUND IODINE LEVEL OF A PATIENT 


WITH PRIMARY HYPOTHYROIDISM. 


a result of tetrac administration which had been 
discontinued one month previously. In Case 2, 
triac was substituted for trit in doses which were 
adjusted to maintain euthyroidism. Triac was 
found to be weakly thyroactive, and 6 mg per 
day was required for maintenance of euthyroidism 
in both Cases 1 and 2. The response of Case 1 to 
triac again demonstrates a depression of the serum 
cholesterol level without a concomitant increase 
in BMR when small amounts of thyroactive sub- 
stances were given. The serum PBI levels were 
variable, but were definitely elevated out of pro- 
portion to the metabolic state (Figure 4). 

As illustrated in Figure 5, the administration of 
tetrac to Case 1 was begun when he was myx- 
edematous; whereas in Case 2, tetrac was sub- 
stituted for triac in doses adjusted to maintain eu- 
thyroidism. As with trit and triac, it was noted 
that the serum cholesterol level dropped signifi- 
cantly in Case 1 on small doses of tetrac, without 
a significant change in the BMR (Figure 5). 


This effect was quantitatively slightly greater than 


that obtained with trit. As would be expected, 
the serum PBI level was tremendously elevated 
out of proportion to the metabolic state, and rose 
in a roughly linear response to the dose of tetrac 
employed. In Case 2, 9 mg of tetrac was required 
to maintain normal BMR’s and clinical status, 
and Case 1 was still slightly hypothyroid on 5 mg 
per day. When tetrac was discontinued in Case 
2, the metabolic response was dissipated rather 
rapidly; the BMR stabilized at — 30 per cent 
within seven days, the serum cholesterol level rose, 
and the patient appeared myxedematous two 
weeks later. The serum PBI level, however, was 
still 10 wg per 100 ml three weeks after tetrac had 
been discontinued. 

At this time, as illustrated in Figure 6, triprop 
was started in very small doses, and reproducible 
BMR’s were obtained on successive days before 
increments were made. On 2 mg per day, the 
BMR had not appreciably changed, while the se- 
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rum cholesterol level had decreased 120 mg per 
100 ml (Figure 6). The patient was clinically 
euthyroid on 6 mg of triprop per day. The PBI 
was again elevated out of proportion to the clini- 
cal response, reaching levels approximately equiva- 
lent to those obtained with triac, but not as high 
as those with tetrac, in accord with the amounts 
of iodine administered. 

Case 3 was treated initially with tetprop, start- 
ing with doses of 2.0 mg daily, which were gradu- 
ally increased to a maintenance level of 14 mg daily 
(Figure 7). Despite prolonged training, this pa- 
tient continued to have marked variability in his 
BMR’s. There was, however, an obvious re- 
sponse in both the BMR and the serum cholesterol 
level to 2.0 mg of tetprop daily. The serum cho- 
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lesterol levels continued to fall, but did not reach 
normal levels until tetprop was given in doses of 
12 mg daily, at which time the patient was clini- 
cally euthyroid. There was very little change 
noted in any parameter when the dose was in- 
creased to 14 mg daily. As would be expected, the 
serum PBI levels were markedly elevated al- 
though not as high as those obtained following 
tetrac administration. 

Both Cases 1 and 2 were subsequently treated 
with thyroxine and desiccated thyroid. On 0.3 
mg of thyroxine they were clinically euthyroid and 
the BMR and serum cholesterol levels remained 
normal, although the serum PBI levels were again 
slightly elevated out of proportion to the metabolic 
state. The daily oral dose of desiccated thyroid 
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TABLE II 


Effect of repeated injections of thyroactive substances on 
metabolism of tissues from thyroidectomized rats* 


Substance 
injected....Thyroxine Trit 

Dose (mg/kg)t . . .1.0 0.25 

No. of animals... .6 5 


Tetrac 


Triac Tetprop Triprop 
2.0 0.6 6.0 2.0 
4 


4 6 


Tissue % % % % % 

Kidney 35.9 229 369. 366 
Liver 36.7 30.8 30.9 31.3 39.8 
Heart 38.6 22.2 284 38.6 42.0 
Skel. musc. 31.8 20.6 15.9 
Pancreas 39.1 34.0 39.1 
Saliv. gl. 32.9 27.6 29.4 


S35 25.1 279 
100 431.1 37.5 127.5§ 13.9 


22.8 


31.9 
52.8§ 


14.2 


Average 
Per centt 


* Data are expressed as per cent increase above control 
tissue oxygen consumption. 

t Milligram per kilogram of body weight injected sub- 
cutaneously once daily for four days; tissue metabolism 
studied on fifth day. 

t Relative activity compared to thyroxine as 100 per cent. 

§ Based on average of corresponding five tissues. 


required to maintain euthyroidism with normal 
BMR’s and serum PBI and cholesterol levels in 
these two patients ranged from 90 to 120 mg. 


DISCUSSION 


Gross and Pitt-Rivers (2) found trit to have 
three to five times the potency of thyroxine in the 
goiter prevention assay in rats (35). Subsequent 
work has confirmed a high level of activity (36- 
38). In this laboratory, we have found that the 
injection of 0.25 mg trit per kg animal body 
weight produces the same metabolic stimulation 
as 1.0 mg. L-thyroxine, as shown in Table II. 
The metabolic response is due to that of tissues 
such as liver, kidney, skeletal muscle, heart and 
the exocrine glands. Other tissues such as brain, 
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spleen, gastric smooth muscle, gonads and acces- 
sory reproductive structures of both sexes show 
no change in oxygen consumption. The pattern 
of metabolic response is thus the same for triiodo- 
thyronine as it is for thyroxine. In man (32, 39- 
41), trit has been shown to produce all of the 
metabolic effects of thyroxine. As one would 
anticipate from the low dose levels required, the 
serum PBI levels remain in the hypothyroid 
range when the patient is clinically euthyroid 
(33, 42). Starr, Snipes and Liebhold-Schueck 
(34) have demonstrated that trit is adequately 
measured by the Barker PBI method, and con- 
clude that it is rapidly utilized by the tissues and 
leaves the blood promptly. In the present study, 
both patients were slightly hypermetabolic on a 
daily oral dose of 100 yg of trit, and were euthy- 
roid on 90 pg daily. It is apparent that serum 
cholesterol levels decreased on small doses of trit 
before there was a significant change in BMR 
(Figure 3). 

Pitt-Rivers and Harrington synthesized and 
studied both triac and tetrac in the goiter-preven- 
tion assay and found that both had a potency of 
about 0.1 that of triiodothyronine (4, 43). 
Other studies (Table III) have shown variation 
in the relative potencies of these analogs. Thi- 
bault and Pitt-Rivers (5) reported that triac and 
tetrac had a profound effect on biological oxida- 
tions both in vitro and in vivo. The results re- 
ported in the present study do not confirm these 
in vitro effects nor the immediate effects in vivo. 
However, it is clear that these compounds do 
have biological properties similar to thyroxine. 
Although the acetic acid analogs have been dem- 
onstrated to be normal products of thyroxine and 
trit degradation (10-17), there is no clear basis 


TABLE III 


Relative potencies of thyroactive substances in rats, obtained by various assay technics, and in man 


Summated 
tissue response 
in rats 


Goiter 
prevention 
in rats* 


Thyroid 
uptake block 
in ratst 


Calorigenic 
_action 
Maintenance in rats* 


L-Thyroxine 
L-Trit 

Triac 
Tetrac 
Triprop 
Tetprop 


* Data from Stasilli, Kroc and Meltzer (37). 
+ Data from Money, Meltzer, Feldman and Rawson (38). 
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for assuming that this change is obligatory before 
the amino acid forms of the hormones can be 
active. 

Lerman and Pitt-Rivers first used triac in the 
treatment of myxedema (44), giving it daily by 
intravenous injection in doses of 0.1 to 1.0 mg. 
Clinical improvement was noted, along with loss 
of weight and reduction in the serum cholesterol 
level. There was little alteration in basal meta- 
bolic rate. However, when the dose was in- 
creased to 4 mg daily the basal metabolic rate 
returned to normal (19). Trotter, employing 6 
mg of triac daily, produced clinical recovery and 
a return of the basal metabolism to normal levels 
in a case of myxedema (45). Similar findings 
have been reported by other investigators, (9, 26, 
28, 29). Both patients in the present series re- 
ceiving triac were clinically euthyroid on 6 mg 
daily. When small doses were given, a depres- 
sion of the serum cholesterol level was again dem- 
onstrated without a concomitant increase in BMR. 
The serum PBI level was elevated out of propor- 
tion to the clinical state, as one might expect from 
the large amounts of the drug which are re- 


quired to maintain euthyroidism. 

Goolden found that it required 8 mg orally per 
day of tetrac to maintain clinical euthyroidism, 
and that a therapeutic response was evident within 


48 hours (27). He also noted that the serum 
cholesterol level fell on doses less than that needed 
for maintenance of euthyroidism. 

Other workers have confirmed the metabolic 
activity of this compound (9, 26-29). In the 
present study tetrac was also found to be a rela- 
tively weak thyroactive substance in man, since 
9 mg per day was required to restore euthyroid- 
ism. At this dose level, the serum PBI was 141 
vg per 100 ml, and rose in a roughly linear re- 
sponse to the dosage employed (Figure 5). On 
small doses the serum cholesterol level fell with- 
out elevation of the BMR. On discontinuance of 
therapy, one patient was markedly myxedematous 
at the end of the second week, although the serum 
PBI level was still slightly elevated. 

It is apparent from the present studies in man 
that, although they are less active, both triprop 
and tetprop also have metabolic properties similar 
to thyroxine. The effects of triprop and triac 
were comparable, the approximate daily dose for 
maintenance of euthyroidism being 6 mg in both 
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instances. Tetrop was considerably less active 
than triprop and slightly less active than tetrac, 
since 12 mg daily was required to maintain eu- 
thyroidism (Table III). Maintenance doses of 
thyroxine and desiccated thyroid in these patients 
were established at levels of 0.3 mg and 120 mg 
daily, respectively. 

These studies illustrate that a dissociation of 
cholesterol and metabolic rate responses may be 
obtained with trit, thyroxine, triac, tetrac, triprop 
and tetprop when small enough doses are used. 
Although this may be a phenomenon shared by all 
thyroactive substances, it is conceivable that an 
even more marked dissociation of responses might 
be obtained by suitable alterations of the thyroxine 
molecule. Such an achievement has already been 
approached in the specific case of tadpole meta- 
morphosis, where tetprop and triprop exhibit 120 
and 290 times, respectively, the activity of thy- 
roxine (46). This possibility should also be 
viewed along with the now well established dis- 
sociation of responses obtained by altering the 
molecular structure of the adrenal cortical steroids 
(47-49). 

No peculiarly specific role of the acetic acid 
analogs in thyroid physiology has been established. 
It seems unlikely that these weakly thyroactive 
compounds are obligatory forms of the thyroid 
hormone utilized by the tissues. Since amino 
acids in general are broken down through oxida- 
tive deamination and decarboxylation, the thyro- 
acetic compounds would be expected as metabolic 
degradation products of thyroxine and trit. The 
same cannot be said of the propionic acid analogs, 
and they should probably be considered as the 
outstanding contemporary example of purely syn- 
thetic thyroactive substances. 


SUMMARY 


Studies have been done to evaluate, both in ani- 
mals and in man, the metabolic actions of the ace- 
tic and propionic acid derivatives of L-thyroxine 
and 3,5,3’-triiodo-L-thyronine. The effects of these 
substances were compared, both qualitatively and 
quantitatively, with those of the parent compounds. 
The acetic acid analogs produced an acceleration 
of oxygen consumption in animal tissue prepara- 
tions only when they were preinjected in the ani- 
mals. Both the acetic and propionic acid analogs 
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were weakly thyroactive in man, with 5 per cent or 
less of the activity of thyroxine. All of the ana- 
logs had metabolic properties similar to the parent 
compounds. A dissociation of cholesterol and 
metabolic rate responses was obtained with all 
compounds, when small enough doses were used. 
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Although there is considerable indirect evidence 
indicating that virilizing testicular tumors exert 
their effects by producing androgenic steroid hor- 
mones, few attempts have been made to determine 
the exact nature of the compounds produced. One 
type of tumor which exerts particularly marked 
virilizing effects when found in prepubertal boys 
is that classified as an interstitial cell tumor of the 
testes (1-21). It has been well established that 
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such tumors cause elevated levels of urinary 17- 
ketosteroids. The morphology of these tumors 
leads one to predict that they are producing tes- 
tosterone, since normal interstitial cells seem to 
have this function (22, 23). A few studies of the 
qualitative nature of the urinary steroids in pa- 
tients with this type of tumor seem to confirm such 
a conclusion (13, 24). Accordingly, when the 
opportunity arose to study a patient bearing a 
testicular tumor thought to be of this type, it 
seemed worthwhile to attempt to establish the 
exact nature of the steroids produced. The study 
presented here was therefore undertaken. 

This paper presents a description of the patient, 
histological observations on the tumor, the re- 
sults of urinary steroid assays and the results of 
experiments in which slices of the tumor were in- 
cubated with C'*-labeled steroid precursors. 


EXPERIMENTAL AND RESULTS 


I. Clinical data 


D. W. (Duke no. D-99663), a 5-year-and-7-month old 
white male, was first seen at Duke Hospital on November 
1, 1954, because of precocious growth and development, 
increasing libido, and personality changes. His birth and 
early development had been normal, but at 3 years of age 
progressive statural growth spurt and enlargement of 
the penis were noted. At 4 years of age, genital hair 
appeared, followed shortly by axillary, body and facial 
hair, mild facial acne and progressive deepening of the 
voice. During one year a gradual, painless enlargement 
of the right testis had been noted, accompanied by in- 
creasingly frequent penile erections and masturbation, 
apparently without ejaculation. The child became ag- 
gressive, somewhat withdrawn and uninterested in previ- 
ous playmates and activities. 

Physical examination revealed normal vital signs with 
a blood pressure of 112/60 mm Hg. His height was 135 
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VIRILIZING TESTIS TUMOR 


THE PATIENT PRIOR TO OPERATION; AGE, FIVE 
YEARS AND SEVEN MONTHS. 


Fie. 1. 


cm and his weight 33.6 kg. Anthropometric measure- 
ments corresponded to those of an average boy approxi- 
mately 11 years of age. The muscular development was 
rather Herculean (Figure 1). The dental age was esti- 
mated to be 6.5 years. There was slight facial acne, 
moderate axillary hair, and abundant heavily pigmented 
and coarse pubic hair. Hirsutism was noted over the ex- 
tremities, back and upper lip. The penis, in a flaccid 
state, measured 11.5 cm in circumference and 12.5 cm in 
length. The right testis was enlarged (4.5 X 3.7 X 3.2 
cm). It was uniformly abnormally firm, slightly irregu- 
lar in contour and freely movable within the well rugated 


TABLE I 
Urinary steroid and gonadotropin excretion 


Postoperative 


Preoperative 2days 1.5 years 


mg/24 hrs 
17-Ketosteroids (25)* 13.6 
Neutral acylable lipids (26)* 
Fluorogenic phenols (27)* 78 
Pregnanetriolt 4.1 
Corticosteroids (28)f 1.4 
Gonadotropins§$ <1 


mg/24 hrs mg/24 hrs 


*Estimations carried out on extracts of urine boiled 
with 15 volumes per cent hydrochloric acid for ten minutes. 

¢ Carried out in the laboratory of Dr. Judson J. Van Wyk. 

t Estimations carried out on extracts of urine incubated 
with mammalian £§-glucuronidase (Ketodase, Warner- 
Chilcott Laboratories) at pH 5.1. 

§ Rat uterine units per 24 hours. 


TABLE II 
Urinary levels of individual 17-ketosteroids 


Postoperative 


Preoperative 2 days 


mg/24 hrs mg/24 hrs 
2.4 0 


Etiocholanolone 2.0 0.1 


Androstane-3,17-dione and 0.1 0.1 
etiocholane-3,17-dione 


Dehydroepiandrosterone 1.4 


118-Hydroxyetiocholanolone 0.2 
[and A%“-etiocholenolone ] 


Androsterone 


11-Ketoetiocholanolone 0.2 
118-Hydroxyandrosterone 1.6 
[and A%“)-androstenolone ] 


11-Ketoandrosterone 0.2 


and pigmented scrotum. The cord structures on that side 
were normal to palpation, and there was no local or 
distant lymphadenopathy. The left testis was normal in 
size, shape and consistency (20.7 0.7 cm). The 
prostate was enlarged and comparable in size to that 
of an adolescent. No other physical abnormalities were 
noted. 

On psychological consultation the child was thought to 
be advanced both intellectually and in his social adjust- 
ments, corresponding approximately to the age of 8 years. 
The intelligence quotient was 135 and the social quotient 
146. 

The hemogram and urinalysis were normal, and the 
serological test for syphilis was negative. Blood chemi- 
cal analyses (nonprotein nitrogen, total proteins and al- 
bumin/globulin ratio, fasting blood sugar, serum cho- 
lesterol and electrolytes) were normal. The basal me- 
tabolic rate was + 3 per cent. X-rays of the chest and 
skull and intravenous pyelograms revealed no abnormali- 


Fic. 2. THE SECTIONED SURFACE OF THE TUMOR, TESTIS 
AND CORD STRUCTURES ARE ILLUSTRATED. The identifica- 
tion tag is 2 cm in length. 
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Fic. 3. THE MARGIN OF THE TUMOR IS SHOWN AT ITS 
JUNCTION WITH THE SURROUNDING NORMAL TESTICULAR 


Note the fibrous septa dividing the tumor into 
(Hematoxylin and eosin, 205.) 


TUBULES 
lobules. 


ties. The bone age was greater than 10 but less than 
14 years. Urinary steroid and gonadotropin analyses 
are reported below (Tables I and II). 

On November 16, 1954, a right radical orchiectomy 
and biopsy of the left testis were performed. 

Pathological anatomy. Gross: The right testis meas- 
ured 2.5 X 3.0 X 3.5 cm and weighed 25 g. On section 
a grossly well encapsulated, homogeneous soft tumor, 
lobulated bv delicate fibrous septa, was observed (Fig- 
ure 2). The sectioned surface of the tumor measured 
23 X 32 mm, bulged and was dark brown with a distinct 
green cast. The surrounding testicular tissue was 
compressed. 

Microscopic examination. There was an incomplete, 
thin connective tissue capsule. Where the capsule was 
incomplete, scattered small clumps of tumor cells ex- 
tended for a short distance into the surrounding tissue. 
The tumor was made up of solid sheets of cells broken 
up by occasional thin, vascular, fibrous tissue septa (Fig- 
ure 3). <A delicate reticulum supporting framework 
further separated the tumor into clumps of 2 to 12 cells. 
The tumor cells were irregular, polyhedral in shape, 14 
to 35 w in diameter (average, 22 »), and occasionally 
had indistinct cell boundaries, although in most areas 
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the cell boundaries were very clearly defined. Occasion- 
ally, syncytial masses of cytoplasm were formed with 2 
to 5 nuclei. The nuclei were round, vesicular and showed 
no wrinkling of the nuclear membrane. There was a 
fine granular chromatin network with 1 to 3 prominent 
nucleoli. Occasional large hyperchromatic nuclei were 
present, but generally there was little variation and mi- 
toses were rare. With Helly’s fixation the cytoplasm 
was brightly eosinophilic, whereas with 10 per cent 
formalin fixation the cytoplasm appeared light pink with 
prominent unstained vacuoles. 

The most striking cytological feature was the presence 
of a variety of cytoplasmic inclusions. With hematoxylin 
and eosin and Helly’s fixation most of the cells showed 
very finely divided, granular, brown inclusions clustered 
about the nucleus (Figure 4). This material was in- 
distinguishable from the “lipochrome” pigment present in 
normal interstitial cells; however, it was not sudanophilic, 
nor was there any sudanophilic material in any of the 
cells. This material reacted positively with the Schiff 
reagent and was particularly well demonstrated by phos- 
photungstic acid hematoxylin stains. A second type of 
cytoplasmic inclusion was present in most of the cells. 
These structures varied considerably in size measuring 
from 1.7 to 5.1 « in diameter. They were usually clus- 


Fic. 4. THIs MICROPHOTOGRAPH ILLUSTRATES THE 
LIPOCHROME GRANULES CLUSTERED ABOUT THE NUCLEUS 
OF VIRTUALLY EVERY CELL. (Periodic acid-Schiff, 1,021.) 
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tered about the periphery of the cytoplasm and occasion- 
ally filled the entire cell. They were highly refractile 
and were surrounded by a clear halo. Some of these 
granules had an internal structure in which the outer 
wall was stained dark blue with phosphotungstic acid 
hematoxylin. Just internal to this was a narrow, clear, 
unstained area. A solid mass of dark blue material 
made up the remainder of the inclusion. Others were 
solid and homogeneous. These were not well seen in 
formalin-fixed tissue by any technique used but were 
readily apparent in Helly-fixed tissue, particularly with 
Masson trichrome and phosphotungstic acid hematoxylin 
stains as well as with hematoxylin and eosin (Figure 5). 
A third type of inclusion was present, consisting of 
very rare rod-shaped structures which were indistinguish- 
able from crystalloids of Reinke. Their most striking 
tinctorial reaction was their oxyphilia rendering them 
red with the Masson trichrome technique. Some of these 


were seen crossing a cell boundary and extending into 
an adjacent cell; others lay completely within the cyto- 
plasm of a single cell (Figure 6). 

The seminiferous tubules and interstitial cells of the 
left testis showed development corresponding to the pa- 
tient’s chronological age. 


There was no evidence of 


Fic. 5. LARGE CYTOPLASMIC GRANULES CAN BE SEEN 
DISTRIBUTED ABOUT THE PERIPHERY OF THE TUMOR CELLS. 
Nuclear detail is also well shown. (Phosphotungstic 
acid hematoxylin, X1,021.) 


Fic. 6. THE CELL IN THE CENTER OF THE FIELD CON- 
TAINS TWO ELONGATED CRYSTALLOIDS OF REINKE. (Mas- 
son trichrome, X1,021.) 


spermatogenesis. The pathological diagnosis was inter- 
stitial cell tumor of the right testis. 

Follow-up. Since discharge from the hospital there 
has been no regression in any of the somatic features 
previously depicted. In March and June, 1955, no es- 
sential differences were noted. While the left testis was 
normal in size and consistency, the strong sexual drive 
persisted. The latter was considerably reduced by May, 
1956, and the child’s social adjustment was better. His 
height was 149 cm and his weight 39.5 kg, gains of 14 
cm and 5.9 kg, respectively, since operation. At this time 
it was noted that the remaining left testis had grown re- 
markably in size in the preceding year, now measuring 
5.5X3 cm. The testicular size, consistency and con- 
tour, and the prostate gland, were now comparable to 
that of a normal late-adolescent male. He was last seen 
in November, 1956, two years after surgery, with find- 
ings similar to those noted six months earlier except for 
a further gain of 6 cm in height. The bone age was esti- 
mated as 12 years, an advance of almost two years since 
operation. Daily urinary gonadotropin excretion was 7 
rat uterine units, within the range for a normal adult. 
The postoperative urinary steroid and gonadotropin lev- 
els are recorded in Tables I and II. 
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II, Urinary steroids 


Estimations of steroid concentrations were car- 
ried out on 24-hour urine specimens collected be- 
fore and at various periods after the removal of 
the tumor. The values obtained are shown in 
Table I. These values as well as those of gonado- 
tropins are in agreement with values previously 
observed in this syndrome. The excretion of cor- 
ticosteroids measured by the Silber and Porter 
method (28) was in the normal range for a 5 
year old boy and was unchanged after removal 
of the tumor. Paper chromatograms of the corti- 
costeroid fraction in the toluene/methanol : water 
(75:25) system (29) showed the presence of 
tetrahydrocortisone and tetrahydrocortisol as the 
preponderant corticosteroids before and after the 
operation... No unusual reducing compounds 
were detected. 


The daily excretion of 17-ketosteroids, neutral 
acylable lipids (hydroxysteroids) and pregnane- 
triol was elevated before removal of the tumor. A 
further sample of urine was boiled with 15 vol- 
umes per cent of hydrochloric acid, and the ether 


extracts were chromatographed in the Bush lig- 
roin/methanol: water (96:4), and ligroin: tolu- 
ene (67:33)/methanol-water (70:30) systems. 
The chromatograms were sprayed with Zimmer- 
mann reagent and the amount of each compound 
estimated by comparison of size and intensity of 
the spot with the sizes and intensities resulting 
from known amounts of the compound chromato- 


1 The chemical names for the steroid compounds used 
in this paper are as follows: 3a-hydroxyandrostan-17-one 
(androsterone) ; 3a,118-dihydroxyandrostan-17-one 
hydroxyandrosterone) ; 118-hydroxy-4-androstene-3,17- 
dione (118-hydroxyandrostenedione) ; 4-androstene-3,11,- 
17-trione (adrenosterone) ; 4-androstene-3,17-dione (an- 
drostenedione) ; 3a-hydroxyetiocholane-17-one (etiocho- 
lanolone) ; 178-hydroxy-4-androsten-3-one (testosterone) ; 
118,178-dihydroxy-4-androsten-3-one (11f-hydroxytestos- 
terone) ; 178-hydroxy-4-androstene-3,1l-dione (11-keto- 
testosterone) ; 38-hydroxy-5-androsten-17-one (dehydro- 
epiandrosterone) ; 3a,17a,21-trihydroxypregnane-11,20-di- 
one (tetrahydrocortisone); 3a,118,17a,21-tetrahydroxy- 

-pregnan-20-one (tetrahydrocortisol) ; pregnane-3a,17a,- 
20a-triol (pregnanetriol) ; 4-pregnene-3,20-dione (proges- 
terone) ; 17a-hydroxy-4-pregnene-3,20-dione (17a-hy- 
droxyprogesterone) ; 118-hydroxy-4-pregnene-3,20-dione 
(11f-hydroxyprogesterone) ; 68-hydroxy-4-pregnene-3,20- 
dione (68-hydroxyprogesterone) ; 68-acetoxy-4-pregnene- 
3,20-dione (68-acetoxyprogesterone) ; 38-hydroxy-5-preg- 
nen-20-one (5-pregnenolone). 
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graphed at the same time. This method has been 
found to be accurate within 15 per cent (30). 
The daily excretion of individual 17-ketosteroids 
estimated by this method is presented in Table IT, 
in which the artifacts produced by the hydrolysis 
with acid are included with their known pre- 
cursors. 

Elevated excretion of both C,,O, and C,,O, 
compounds, androsterone and 118-hydroxyandro- 
sterone in particular, is to be noted. The excre- 
tion of all steroids measured after removal of the 
tumor was normal. The level of fluorogenic 
phenols gave no indication of elevated estrogen 
excretion and was unchanged by removal of the 
tumor; the reduction of this level 1.5 years after 
the tumor was removed is unexplained. 


III. In vitro studies 


The incubation of slices of this tumor was un- 
dertaken as a means of direct biochemical assess- 
ment of its steroid production. This technique 
utilizes small amounts of tissue and C**-labeled 
steroid precursors such as acetate-1-C**, and is 
one which is of proven value in this type of study 
(31). In order to facilitate extraction of the trace 
amounts of radioactive steroids from the incuba- 
tion medium and tissue, it is necessary to add 
known amounts of crystalline nonradioactive ster- 
oids. In the case of each substance, the total 
steroid (radioactive and carrier) may then be iso- 
lated and purified and its radioactivity per milli- 
gram (specific activity) determined after suitable 
purification. By calculation back to the original 
weight of carrier, the amount of radioactivity as- 
sociated with each carrier steroid may be ascer- 
tained. This in turn reflects the relative amount 
of each steroid formed during the experiment. 
Other methods for the microdetermination of the 
absolute amounts of endogenous steroid hormones 
present in endocrine glands have recently been de- 
veloped (32-36) ; these however require exacting 
manipulations for certainty in the identification 
and quantitative measurement of the minute 
amounts of the compounds found. The incuba- 
tion of specific C**-labeled steroids with tissues 
and the isolation of radioactive products, also 
by means of carrier dilution, provide an assess- 
ment of the tissue’s capacity to effect certain spe- 
cific transformations. 
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The chemical methods employed consisted first 
in making a total lipid extract which was separated 
into nonpolar (fatty constituents, and so forth) 
and polar lipids. The latter fraction containing 
the carrier steroids was separated into acidic, phe- 
nolic and neutral polar lipids, and on occasion, 
into ketonic and nonketonic fractions. These 
procedures, described below in greater detail, af- 
forded extracts containing the steroids relatively 
free from extraneous material. These extracts 
were then subjected to countercurrent distribu- 
tions (ccd) and paper chromatographic separa- 
tions in a variety of systems. Each steroid so iso- 
lated was free from steroidal and other contami- 
nants, and was judged chemically pure by melting 
point and other criteria. The achievement of 
radiochemical purity required further procedures, 
which are described below. 


METHODS 
General 


Countercurrent distributions. All 4- and 8-transfer 
distributions were carried out in separatory funnels. 
Lower layers were transferred, and equal volumes of the 
two phases were used. The 24-transfer distributions 
were carried out in a 25-tube, stainless steel Craig ap- 
paratus and those of greater numbers of transfers were 
carried out in the glass apparatus (H. O. Post Scientific 
Instrument Co.). 

Paper chromatography. Chromatograms of the Zaffa- 
roni type (37) and modifications (38, 39) were run 
at room temperature on Whatman no. 1 filter paper. In 
all systems employed, propylene glycol was used as the 
stationary phase. The following solvents were used as 
moving phases: ligroin (38), toluene (37), toluene: 
cyclohexane (50:50), and toluene: methyl cyclohexane 
(50:50) (39). Chromatograms of the type described 
by Bush (29) were run at 37° C on Whatman no. 2 filter 
paper. 

Compounds were located on the developed chromato- 
grams by visualization with ultraviolet light (A*-3-keto- 
steroids), and by spraying with alkaline blue tetrazolium 
(reducing steroids) (40), alkaline m-dinitrobenzene 
(all ketosteroids) (38), or antimony trichloride reagent 
(A°-38-hydroxysteroids) (41). After locating the ster- 
oids on the preparative chromatograms, the zones con- 
taining compounds or mixtures of compounds were cut 
out, cut into small pieces, and extracted repeatedly with 
hot methanol, then chloroform, or a mixture of equal 
parts of methanol and chloroform. The combined ex- 
tracts were filtered to remove paper fibers and evapo- 
rated to dryness under reduced pressure. The extracts 
of paper previously saturated with propylene glycol were 
dissolved in chloroform and the chloroform washed sev- 
eral times with 1/10 volumes of water to remove the 
glycol. 


539 


When required, zones of radioactivity on the chromato- 
grams were located by means of contact radioautography. 
This consisted in placing the chromatogram (or a rep- 
resentative portion) in contact with Kodak Medical 
X-ray film (no screen) for the required exposure time 
(42), and developing the film in the usual manner. 

Measurement of radioactivity. All samples were plated 
at infinite thinness in metal dishes and counted in a win- 
dowless gas-flow counter. A minimum of 2,000 counts 
was accumulated on each. All counts were corrected 
for background. 

Ultraviolet absorption. All ultraviolet absorption spec- 
tra and values of absorbance were measured in 95 per 
cent ethanol. 

Formation of derivatives. Acetylations were carried 
out at room temperature with acetic anhydride and an- 
hydrous pyridine (1:1); excess reagents were evapora- 
ted under a stream of air. Oxidations were carried out 
with chromium trioxide in glacial acetic acid at room 
temperature for two hours (43). Formation of oximes 
was carried out in the conventional way. 


II. Incubation 


The tumor was received within a few minutes of ex- 
cision and chilled in cold physiological saline. It was 
sectioned and a representative portion used for the bio- 
chemical studies; the remainder was taken for pathology. 
Slices were prepared with a Stadie-Riggs slicer and dis- 
tributed among four incubation flasks. These flasks 
contained as their final contents 0.93 g of tumor tissue, 
20 ml of fresh human serum, 0.02 mmole of potassium 
fumarate, 10 mg of glucose, 500 units of pregnant mare 
serum gonadotropin (Equinex-Ayerst), 500 units of 
pregnancy urine gonadotropin (APL-Ayerst) and 5 
units of porcine pituitary gonadotropin (FSH-Armour). 
The radioactive substances (the first three shown to be 
chromatographically homogeneous), added one to each 
flask, were: A) testosterone-4-C™ (0.92 mg, 3.82 < 10° 
cpm); B) progesterone-4-C* (2 mg, 350,000 cpm); C) 
cholesterol-4-C* (2.2 mg, 7.5 Xx 10° cpm); and D) so- 
dium acetate-1-C* (1 mc); the radioacetate was added 
dissolved in water, and the steroids in 0.2 ml of propylene 
glycol. Incubation was carried out with shaking for 
three hours at 37° C with 95 per cent O, and 5 per cent 
CO, as gas phase. The flask contents were frozen until 
analyzed. 


III, Addition of carrier steroids, extraction and prelimi- 
nary purification 


On removal of the incubation mixtures for storage, 
chromatographically pure steroids in varying amounts 
(5 to 20 mg) were added to each of the incubation flasks 
(Table III). 

Each incubation mixture (tissue, medium and added 
carrier) was extracted individually in a Waring blendor 
with 25 volumes of chloroform: methanol (2:1) mixture 
(44). After removal of tissue debris by filtration, 1/5 
volume of water was added and the mixture shaken; the 
upper aqueous layer was removed and extracted twice 
with 1/2 volume of chloroform. The combined lower 
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TABLE III 
Carrier steroids added to incubation mixtures 


Experiment—C-substrate 


Steroids 


A. Testosterone _B. Progesterone I II 


C. Cholesterol* 


D. Acetate 


me 
Estrone 
Estradiol-178 
Estriol 
Testosterone 
4-Androstenedione 
118-Hydroxyandrostenedione 
118-Hydroxytestosterone 
Adrenosterone 
Dehydroepiandrosterone 
5-Androstene-38,178-diol 
Progesterone 
17a-Hydroxyprogesterone 
118-Hydroxyprogesterone 
11-Ketoprogesterone 
5-Pregnenolone 
38,17a-Dihydroxy-5-pregnen-20-one 
68-Hydroxyprogesterone 


mg mg 


20 
20 


* The extract from this incubation was divided into two equal parts; estrogens were added before the division and 
the two resulting phenolic fractions were combined later in the fractionation; other carriers were added after division 


of the extract. 


+ Added at a later stage in the fractionation procedure; for details see text. 


layers were evaporated to dryness and the residue sub- 
jected to an 8-transfer ccd between ligroin (bp 65 to 
75° C) and 90 per cent aqueous methanol. The individual 
tubes from the distribution of each incubation were evapo- 
rated to dryness, weighed, assayed for radioactivity and 
for the carrier ketosteroids (by absorption at 240 my or 
by the antimony trichloride reagent). The tubes con- 
taining the carrier steroids and associated radioactive 
polar material from each incubation were combined and 
dissolved in toluene. Each pooled sample was separated 
into the respective phenolic, acidic and neutral fractions 
by shaking the toluene solution with 1 N sodium hydrox- 
ide (27). The aqueous alkali solution was adjusted to 
pH 8.5 and shaken with ether to remove the phenols. 
The neutral material remained in the toluene solution. 
The neutral polar fractions obtained in the incubations 
of testosterone (A), progesterone (B) and cholesterol 
(C) were subjected to a separation with Girard reagent 
T into ketonic and nonketonic fractions. The extract 
from the acetate-1-C* experiment (D) was not sub- 
jected to this separation. 


IV. Separation and purification of carrier steroids 


Since somewhat different methods were used for the 
purification of the individual carrier steroids in each ex- 
periment, they will be discussed separately. The steps 
involved in establishing the radiochemical purity (45) of 
each apparently labeled compound will be presented for 
each compound. Where derivatives of the carriers were 
prepared (acetates, oximes, and so forth) the values of 
specific activity, unless otherwise noted, are not cor- 
rected for changes in molecular weight, and are given 
as determined. 


V. Incubation experiments 


EXPERIMENT A. Incubation of testosterone-4-C™: 
The ketonic fraction from this incubation was chromato- 
graphed in ligroin/propylene glycol for 96 hours. Each 
steroid carrier zone was located and recognized by its 
relative position (37), eluted and rechromatrographed. 
17a-Hydroxyprogesterone, testosterone and adrenosterone 
were not completely separated by this chromatography. 
Separation was carried out by acetylation of the mixture 
and the complete removal of testosterone acetate by 
chromatography in ligroin/propylene glycol; the two 
remaining steroids were separated by chromatography 
on paper in toluene: methyl cyclohexane (50: 50) /propy!l- 
ene glycol. 

11p-Hydroxytestosterone: This compound did not mi- 
grate from the starting line as the free steroid in ligroin/ 
propylene glycol in 100 hours. It was chromatographed 
in toluene/propylene glycol for 12 hours to yield a con- 
taminated product, 3.7 mg in weight and specific activity 
7,370 cpm per mg. One and two-tenths mg of this was 
diluted with 30 mg of 11f8-hydroxytestosterone carrier, 
acetylated, and chromatographed in ligroin/propylene 
glycol (24 hours), to provide a diluted 11f-hydroxy- 
testosterone acetate (mp 151 to 152° C, from acetone: 
hexane) with a specific activity of 114 cpm per mg (or 
129 corrected to the free compound). Oxidation with 
chromic acid and chromatography in ligroin/propylene 
glycol gave 11-ketotestosterone acetate (mp 164 to 165° C, 
acetone: hexane) with a specific activity of 112 cpm per 
mg (127 as the free compound). Saponification with 
potassium carbonate in ethanol (46) gave 11-ketotestos- 
terone (mp 184 to 185° C) ; specific activity 131 cpm per 
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mg (130 as 11f-hydroxytestosterone). The specific ac- 
tivity of the initially isolated 11$-hydroxytestosterone 
was calculated as 3,300 cpm per mg; this value is used 
in the calculation of those data for this compound in 
Table IV. 

11p-Hydroxyandrostenedione: As initially isolated and 
crystallized (mp 194° C), this compound had a specific 
activity of 6,500 cpm per mg. Two samples of 0.5 mg 
each were diluted with 50 and 70 mg of carrier and puri- 
fied as follows. Sample 1 was chromatographed (ligroin/ 
propylene glycol, 116 hours) and recrystallized from 
acetone: hexane (59 cpm per mg); oxidized to adreno- 
sterone, chromatographed, and recrystallized from metha- 
nol (mp 220 to 225° C; 60 cpm per mg); recrystallized 
from acetone: hexane (mp 219 to 220° C; 59 cpm per 
mg); converted to the dioxine and recrystallized from 
methanol (mp 209 to 210° C; 56 cpm per mg, corrected 
to the molecular weight of adrenosterone). Sample 2 
was chromatographed and crystallized (48 cpm per mg) ; 
oxidation followed by chromatography and crystalliza- 
tion gave adrenosterone (mp 218° C; 46 cpm per mg). 
The initially isolated steroid was radiochemically pure 
at 6,500 cpm per mg. 

Adrenosterone: As isolated and recrystallized (mp 
212° C) the specific activity was 278 cpm per mg and as 
may be seen from the following, was slightly contaminated. 
The dioxime (mp 222° C; 258 cpm per mg) was chro- 
matographed (toluene/propylene glycol, 34 hours) and 
recrystallized from methanol (mp 218 to 220° C; 190 
cpm per mg, calculated as adrenosterone, 209 cpm per 
mg); the material in the mother liquor had the same 
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specific activity. Adrenosterone was considered pure at 
209 cpm per mg. 

Androstenedione: This compound was recrystallized 
from ethyl acetate to give crystals (mp 172 to 173° C; 
19,700 cpm per mg) and a crystalline residue from the 
mother liquors (17,400 cpm per mg). This product was 
not further manipulated and was considered radiochemi- 
cally pure. 

Testosterone: The original substrate, diluted as noted, 
was recovered (mp 151 to 152.5° C; 250,000 cpm per mg). 

Radioautography of the initial chromatograms having 
revealed no zones other than those associated with the 
above steroids, it is presumed that no other important 
transformations of testosterone occurred in this study. 
Total radioactivity associated with each carrier steroid 
at the above specific activities is given in Table IV, 
column A, corrected to the amount present at the addition 
of the original carrier. 

EXPERIMENT B. Incubation of progesterone-4-C™: 
The chromatography of the neutral ketonic fraction from 
this incubation was somewhat encumbered by the presence 
of a strongly fluorescing material whose presence seri- 
ously distorted the initial chromatograms in ligroin/ 
propylene glycol. In order to eliminate this material 
repeated chromatography was necessary; quantitative 
measurement of several carrier steroids showed that but 
1.0 to 1.2 mg remained. ‘This was assumed to be true 
for all others and at this point additional amounts of 
each carrier were added (10 mg) to the recombined frac- 
tions, and all were rechromatographed in ligroin/propyl- 
ene glycol, and separated as described above; 11f-hy- 


TABLE IV 


Results of incubation studies* 


Experiment—C"-substrate 


A. Testosterone 


B. Progesterone 


3.82 X 106 


cpm 


3.5 X 105 


Added carriers 


Estrone 

Estradiol-178 

Estriol 

Testosterone 
4-Androstenedione 
118-Hydroxyandrostenedione 
118-Hydroxytestosterone 
Adrenosterone 
Dehydroepiandrosterone 
5-Androstene-38,178-diol 
Progesterone 
17a-Hydroxyprogesterone 
118-Hydroxyprogesterone 
11-Ketoprogesterone 
5-Pregnenolone 
38,17a-Dihydroxy-5-pregnen-20-one 
68-Hydroxyprogesterone 


Total 74 


2.03 105 
1.14 X 105 
None 
None 


106 


* Amount of radioactivity and per cent of added substrate isolated by carrier-dilution. 
t These values are based upon a further dilution of the original carriers by a ratio of 1 to 10; this dilution is explained 


in the text. 


t This value is not comparable to others, as carrier was added late in the fractionation scheme. 


| 
cpm 1.3 X 10° cpm 
er cpm % cpmt % cpm %e 
None 
None 
None 
2.500 X 10° 66.0 011X108 93.1 0.30 X 10° 0.003 
0.197 10° 5.0 0.30 105 8.6 6.50 X 105 0.065 
0.065 X 10° 1.7 0.13 X 105 3.7t 3.47 X 105 0.035 
0.002 10° 0.05 0.06 X 10 0.0006t 
58.0 None 
32.6 0.63 X 10° 0.006t 
None 
None 
None 
= 0.11 
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and 11-ketopro- 


droxyandrostenedione, 
gesterone were added at this point for the first time. 


118-hydroxy- 


11g-Hydroxyandrostenedione: This compound was 
recognized as a transformation product of progesterone- 
C™ late in the study and was seen first as a radioactive 
zone of slow mobility [slower than 118-hydroxyproges- 
terone and 17a-hydroxyprogesterone (38)]. To the ma- 
terial eluted from this radioactive area, 5 mg of carrier 
118-hydroxyandrostenedione was added and the whole 
rechromatographed in ligroin/propylene glycol; the re- 
sulting zone was eluted and the steroid recrystallized 
from acetone: hexane to constant specific activity (mp 
195.5 to 196.5° C; 127 cpm per mg) ; 2.57 mg of this ma- 
terial was diluted with 4.38 mg of additional carrier and 
oxidized, chromatographed, and crystallized from metha- 
nol to give adrenosterone (mp 213 to 214° C; 47 cpm per 
mg). The dioxime was formed and had a specific ac- 
tivity of 43 cpm per mg. The 118-hydroxyandrostene- 
dione obtained after the initial addition of carrier was 
considered radiochemically pure at approximately 127 
cpm per mg. Comparison of specific activity with those 
of other isolated compounds is not valid because the 
carrier in this case was not added at the same stage as 
in the others. The total amount of this compound 
formed, shown as counts per minute in Table IV, must 
be considered minimal. 

118-H ydroxyprogesterone: As isolated following the 
second addition of carriers, this compound (14 mg) had 
a specific activity of 44 cpm per mg but was contami- 
nated with traces of 17a-hydroxyprogesterone. Re- 
crystallization from ethyl acetate gave 10.4 mg (mp 182.5 
to 183.5° C; 8 cpm per mg). Oxidation with chromic 
acid followed by chromatography and crystallization from 
methanol gave 11-ketoprogesterone (mp 170.5 to 172.5° 
C; 5 cpm per mg). Formation of the oxime and re- 
crystallization (ethyl acetate) gave crystals (mp 226 to 
229° C) counting 2 cpm per mg. 118-Hydroxyproges- 
terone was therefore considered to be devoid of sig- 
nificant radioactivity. 

17a-Hydroxyprogesterone: Nine and five-tenths mg of 
crystalline steroid was isolated counting 1,050 cpm per 
mg. Of this, 1.85 mg was diluted with 18 mg of addi- 
tional carrier and the oxime formed and recrystallized 
from methanol (mp 244 to 246° C). The oxime had a 
specific activity of 96 cpm per mg; the mother liquors 
yielded a residue which had essentially the same specific 
activity. 17a-Hydroxyprogesterone was considered pure 
at 1,050 cpm per mg specific activity. 

Testosterone: Separated by chromatography from the 
above as the acetate (mp 139.5 to 140.5° C), this com- 
pound counted 109 cpm per mg, and was slightly con- 
taminated. Saponified to testosterone (mp 149 to 150° C), 
the compound counted 104 cpm per mg. Converted to 
testosterone oxime (mp 212 to 214.5° C), the compound 
counted 95 cpm per mg. Testosterone was therefore 
considered radiochemically pure at 104 cpm per mg. 

11-Ketoprogesterone: This compound as isolated and 
crystallized (methanol, mp 171 to 172° C) had a specific 
activity of 6 cpm per mg. Formation of the oxime and 
crystallization eliminated the radioactivity. 
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Androstenedione: This compound was freed of most of 
its contaminating progesterone-4-C* by the second chro- 
matography in ligroin/propylene glycol. Recrystalliza- 
tion from ethyl acetate gave apparently contaminated 
crystals (mp 170.5 to 171° C) with a specific activity of 
319 cpm per mg; the semicrystalline residue from the 
mother liquors counted 260 cpm per mg. The crystals, 
7.1 mg, were treated to form the oxime (mp 208 to 210° 
C; 202 cpm per mg), which was further purified by 
chromatography (toluene/propylene glycol, 25 hours) and 
crystallized (mp 212 to 213.5° C). It counted 260 cpm 
per mg with a similar specific activity in the mother 
liquor residue. Despite the variations in specific ac- 
tivities, no evidence of radioimpurities was apparent. 
The androstenedione was considered pure at a specific 
activity of 275 cpm per mg. 

Progesterone: The diluted substrate was recovered and 
recrystallized (acetone, mp 120 to 120.5° C). Its spe- 
cific activity was 1,840 cpm per mg. 

Radioautographs of the initial chromatograms revealed 
no zones of radioactivity other than those associated 
with the above compounds. The areas between pro- 
gesterone and 4-androstenedione notably were free from 
radioactivity ; the epimers 20a- and 208-hydroxy-4-preg- 
nen-3-ones, normal derivatives of progesterone in the 
ovary (34), have mobilities intermediate between those 
of the former compounds. 

The data in Table IV for this Experiment B are cal- 
culated from the above specific activities and from the 
assumption that at the point of the second addition of 
carriers, 1.0 mg of each of the original steroid carriers 
was present. 

EXPERIMENT C._ Incubation of cholesterol-4-C™: 
The mixture from this incubation was extracted in the 
usual way. The chloroform: methanol extract obtained at 
the outset was halved and to the separate portions, I and 
II, were added the steroid carriers listed in Table III. 
Each portion was treated as described above (Section 
III. Jn vitro studies) ; the phenolic fractions from por- 
tions I and II were combined. 

EXPERIMENT C-I. The total ketonic material from 
portion I containing the added a,B-unsaturated ketosteroid 
carriers, weighed 122 mg and contained 80,000 cpm. It 
was separated on paper chromatograms in ligroin/ 
propylene glycol as described in Experiments A and B. 

118-Hydroxytestosterone: This compound as isolated, 
was rechromatographed in toluene/propylene glycol, 
acetylated, and the 11f-hydroxytestosterone acetate 
chromatographed in ligroin/propylene glycol. The puri- 
fied steroid was recrystallized several times (acetone: 
hexane) and finally melted at 127 to 128° C, and had a 
specific activity of 20 cpm per mg. The mother liquor 
residue counted 78 cpm per mg. The small amounts of 
substance precluded further manipulations and, therefore, 
definite radiochemical purity was not achieved. 

11s-H ydroxyandrostenedione: This compound, follow- 
ing rechromatography in ligroin/propylene glycol (96 
hours), was recrystallized from acetone: hexane to con- 
stant melting point (195 to 196° C) and a specific ac- 
tivity of 71 cpm per mg in the final crystals (8.0 mg). 
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Recrystallization from ethyl acetate: hexane gave crystals 
(5.6 mg, 69 cpm per mg) and an oily mother liquor 
residue (1.5 mg) counting 156 cpm per mg, suggesting 
that radiochemical purity had not been achieved. 

17a-Hydroxyprogesterone: Following the separation of 
testosterone from this compound by the acetylation pro- 
cedure, the 17a-hydroxyprogesterone was rechromato- 
graphed several times in toluene: methyl cyclohexane 
(50: 50) /propylene glycol and recrystallized from metha- 
nol to constant specific activity (50 cpm per mg) of 
both the final crystals and mother liquor residue. 

Testosterone: Isolated as the acetate, this compound 
counted 25 cpm per mg. The mother liquor was not 
studied. 

Androstenedione: Isolated and purified by rechroma- 
tography, androstenedione failed to crystallize. The oily 
product had a specific activity of 110 cpm per mg; this 
value is considered maximal. 

Progesterone: This compound, purified as in Experi- 
ment A, was crystallized from acetone. The progesterone 
as crystals (mp 119 to 120° C) counted 193 cpm per mg; 
the progesterone as found in the last mother liquor 
counted 163 cpm per mg. The radioactivity in this car- 
rier, as in all others, was considered too low to warrant 
further attention, in contrast to the activities in Experi- 
ments A, B and D. 

EXPERIMENT C-IlI. 5-Androstenediol: The nonke- 
tonic fraction of portion II, containing the carrier 5-andro- 
stenediol and its associated radioactivity, weighed 29 mg 
and was chromatographed in toluene: methyl cyclohexane 
(50: 50)/propylene glycol for 48 hours. The androstene- 
diol was located (antimony trichloride reagent), eluted 
and the chromatography repeated. Crystallization of the 
eluted steroid (acetone: hexane) yielded 7.3 mg of 
5-androstenediol, mp to 175 to 177° C, specific activity 
90 cpm per mg. After further addition of carrier (14.3 
mg) to the above, the substance was acetylated and crys- 
tallized to give the diacetate, mp 157 to 158° C, specific 
activity 14 cpm per mg. Recrystallization from acetone 
gave crystals and a residue in the mother liquors count- 
ing, respectively, 13 and 17 cpm per mg. 

38,17a-Dihydroxy-5-pregnen-20-one: The ketonic frac- 
tion weighing 45.8 mg and containing 99,700 cpm, was 
dissolved in hot methanol and allowed to crystallize. 
Two crops of steroid were obtained, which were com- 
bined and recrystallized to constant melting point (226 to 
236° C); the last crystals had a specific activity of 90 
cpm per mg. Acetylation and crystallization of the 
latter from acetone gave 5.7 mg of 38,17a-dihydroxy-5- 
pregnen-20-one acetate, mp 221 to 225° C, specific ac- 
tivity 93 cpm per mg and a mother liquor residue, 2.4 
mg and 370 cpm per mg. Dilution of the crystals (4.0 
mg) with carrier steroid acetate (4.0 mg) and recrystal- 
lization from acetone gave crystals (4.7 mg) with a 
specific activity of 52 cpm per mg, which did not change 
on recrystallization from methanol. The two mother 
liquor residues from these steps (1.3 mg each), how- 
ever, counted 108 and 72 cpm per mg, respectively. Thus, 
despite apparent constant specific activity of the crystals, 
the mother liquors gave evidence of radiochemical con- 
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tamination. Further purification was not possible be- 
cause of the lack of material. 

Dehydroepiandrosterone and 5-pregnenolone: The to- 
tal ketonic fraction, less the crystalline 38,17a-dihydroxy- 
5-pregnen-20-one, containing 28,000 cpm, was chromato- 
graphed on paper in methyl cyclohexane/propylene glycol 
for 41 hours. Two zones were visualized by the anti- 
mony trichloride reagent, eluted, and each was rechroma- 
tographed in the same solvent system. 

The slower zone which gave a positive Zimmermann 
reaction was crystallized from hexane to give dehydro- 
epiandrosterone (190 cpm per mg) which was diluted 
with an equal weight of carrier, acetylated and crystal- 
lized from hexane to give crystals counting 91 cpm per 
mg. This material was recrystallized and the crystals 
obtained (mp 168 to 169° C, corrected) counted 68 cpm 
per mg; the mother liquor residue counted 110 cpm per 
mg. Recrystallization of 2.0 mg of the crystals gave 
0.8 mg of specific activity 74 cpm per mg and a new 
mother liquor residue (0.7 mg) counting 140 cpm per 
mg. Radiochemical purity could not, therefore, be 
demonstrated. 

The faster zone was eluted, and after addition of car- 
rier steroid (10.9 mg), was recrystallized to constant 
melting point (186 to 188° C) and a final specific activity 
of 208 cpm per mg; the mother liquor residues were at 
each step of higher specific activity. Acetylation and 
crystallization from methanol gave crystals of pregneno- 
lone acetate (mp 148 to 149° C), whose specific activity 
was 125 cpm per mg; crystallized once more, the acetate 
counted 70 cpm per mg. The two last mother liquor 
residues counted 290 and 750 cpm per mg, respectively. 
The product was considered contaminated. 

In contrast to Experiments A, B and D, little radio- 
activity was associated with the above steroid carriers 
at the point of their isolation from the chromatograms. 
This low radioactivity precluded the further addition of 
carrier-diluent and prevented use of recrystallization pro- 
cedures for demonstrating and achieving radiochemical 
purity. The uncharacterized radioactivity present in the 
extracts was not associated with any chromatographically 
discrete compounds; it tended to smear throughout the 
paper chromatograms of both Experiments C-I and C-II. 
Whether this material is a product of a biochemical trans- 
formation cannot be inferred from this study; it may be 
entirely due to artifact formation caused by the manipula- 
tory procedures. The values obtained in this study have 
not been included in the tabulation of the results from 
the other three studies (Table IV). 

EXPERIMENT D. Incubation of acetate-1-C“: The 
polar lipids [tubes 5 to 8 from the distribution between lig- 
roin and methanol : water (90: 10) ] were combined (2.62 X 
10° cpm) and washed free of acetate-1-C* by means of a 
4-transfer ccd between water and chloroform, using the 
stripping procedure described by Weisiger (47). The 
upper phase of tube O was saturated aqueous sodium ace- 
tate (pH 7.0) instead of water. The resulting lipid frac- 
tion contained 2.68 X 10° cpm; apparently no appreciable 
amount of labeled acetate was present. This fraction 
was subjected to a phenolic separation (27), giving a 
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neutral fraction containing 2.20 x 10° cpm and a phenolic 
fraction (86,000 cpm) which was subjected to a ccd be- 
tween toluene and 1 N sodium hydroxide, using five 
funnels and complete stripping. There was a peak in 
radioactivity which moved with the alkali and was ex- 
tractable with ether at pH 8.5. The material in this 
peak, having the properties of phenols, contained 15,000 
cpm. This purified phenolic fraction was subjected to a 
99-transfer ccd in methanol: water (70:30) /chloroform: 
carbon tetrachloride (40:60). The distribution was 
analyzed for radioactivity and for the estrogens by the 
fluorimetric method. Estrone, estradiol-178, and _ es- 
triol were identified, but no peak in radioactivity was as- 
sociated with any of the three estrogens. It was there- 
fore concluded that none of the three was labeled. 

Five mg each of 17a-hydroxyprogesterone, 11f-hy- 
droxyprogesterone, 68-hydroxyprogesterone and adreno- 
sterone were added as additional carriers to the neutral 
fraction. This was subjected to a 150-transfer ccd in 
cyclohexane: ethyl acetate (50:50) /ethanol: water (50: 
50). The peaks of radioactivity (K?=0.32 and K= 
1.02) contained all of the neutral carrier steroids except 
progesterone and 5-pregnenolone which were found to- 
gether in an area containing no peak of radioactivity 
(K=2.56). It was, therefore, concluded that these 


latter two compounds were not appreciably labeled. 

The contents of the tubes in each of the two peaks of 
radioactivity containing the steroid carriers were com- 
bined, resulting in a pool of polar (K = 0.32) material 


(Pool A) and one of less polar (K =1.02) material 
(Pool B). Pool A contained all of the 11$-hydroxy- 
androstenedione and adrenosterone. Pool B contained 
all of the androstenedione, dehydroepiandrosterone, and 
17a-hydroxyprogesterone; each pool contained part of 
the 68-hydroxyprogesterone, 118-hydroxyprogesterone and 
testosterone. Pool A was acetylated and chromatographed 
in the cyclohexane: toluene (50:50)/propylene glycol 
system. Four zones were located on the chromatogram 
and eluted. These contained 118-hydroxyandrostenedione, 
118-hydroxyprogesterone, adrenosterone, and a mixture 
of testosterone acetate and 68-acetoxyprogesterone. This 
mixture of acetates was saponified with 1 N potassium hy- 
droxide in methanol overnight at room temperature. The 
saponified material was chromatographed in the ligroin: 
toluene (67:33)/methanol: water (70:30) system. 
Three zones were located and eluted: testosterone, 68-hy- 
droxyprogesterone, and a less polar compound having 
the Rr of allopregnane-3,6,20-trione, the major product 
of saponification of 68-acetoxyprogesterone with excess 
alkali (48). 

Pool B was subjected to a digitonin separation (49). 
The “8-fraction” was chromatographed in the ligroin: 
toluene (67: 33)/methanol: water (70:30) system to 
yield dehydroepiandrosterone. The “a-fraction” was 
acetylated and chromatographed in the ligroin/propylene 
glycol system. Three zones were located on the chro- 
matogram and eluted; they were androstenedione, a mix- 
ture of 11f-hydroxyprogesterone and 17a-hydroxypro- 


2K = distribution coefficient. 
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gesterone; and a mixture of the acetates of testosterone 
and 6f8-hydroxyprogesterone. The mixture of 11f-hy- 
droxyprogesterone and 17a-hydroxyprogesterone was re- 
solved in the ligroin: toluene (67:33) /methanol : water 
(70: 30) system. The mixture of acetates of testosterone 
and 68-hydroxyprogesterone was saponified and chro- 
matographed in the same way as the corresponding frac- 
tion from Pool A. Again testosterone, 68-hydroxypro- 
gesterone, and allopregnane-3,6,20-trione were recovered. 

At this point, all of the carriers from the two peaks of 
radioactivity in the 150-transfer ccd had been recovered 
chromatographically pure. In the cases in which the 
compound was recovered in both pools, the two portions 
were combined. Each carrier isolated was assayed for 
weight and radioactivity; additional unlabeled carrier 
was then added to each, and tests of radiochemical purity 
were applied. The details of these procedures are given 
for each compound. 

118-H ydroxyandrostenedione: Analysis by ultraviolet 
absorption at 240 mu showed a recovery of 3.11 mg con- 
taining 109,000 cpm. An additional 50 mg of carrier was 
added and this was crystallized three times from aqueous 
ethanol yielding crystals having specific activities of 
1,890, 1,850, and 1,880 cpm per mg (calculated, 2,050 
cpm per mg) and a final mother liquor residue, specific ac- 
tivity 1,660 cpm per mg. Crystallization from benzene 
yielded crystals having a specific activity of 1,850 cpm 
per mg, and a mother liquor residue of 1,920 cpm per 
mg. The crystals from benezene were subjected to a 99- 
transfer ccd in methanol: water (70: 30) /chloroform : 
carbon tetrachloride (20:80). The single peak in ra- 
dioactivity coincided with the peak in material having 
ultraviolet (240 mu) absorption (K = 0.73), and there 
was no evidence of lack of homogeneity (45). The mean 
specific activity in the region of the peak was 2,120+ 
218 (standard deviation) cpm per mg. 118-Hydroxy- 
androstenedione was considered radiochemically pure at 
this point. 

Adrenosterone: The adrenosterone isolated was meas- 
ured by ultraviolet absorption (238 mu), and contained 
2.66 mg and 32,000 cpm. An additional 10 mg of un- 
labeled adrenosterone was added and a 99-transfer ccd 
was carried out using methanol: water (70: 30) /chloro- 
form: carbon tetrachloride (10:90). Analysis by ul- 
traviolet absorption showed a single peak (K = 0.62), 
but radioactivity extended from tube O through the peak 
in adrenosterone, thereby demonstrating lack of purity. 
The contents of the tubes containing the adrenosterone 
were pooled and crystallized four times from aqueous 
ethanol, yielding crystals having specific activities at 
each step of 395, 300, 279, and 289 cpm per mg and a 
residue in the last mother liquor, specific activity of 
308 cpm per mg. Crystallization from ethyl acetate: 
hexane gave crystals, specific activity 275 cpm per mg 
and a mother liquor residue of specific activity 264 cpm 
per mg. The final crystals and residue in the mother 
liquor were combined and subjected to a 49-transfer ccd 
in cyclohexane: ethyl acetate (60:40) /ethanol: water 
(50:50). The single peak in radioactivity coincided 
with the single peak in material absorbing at 238 my 
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(K =0.71). The material was radiochemically pure as 
judged by the specific activity in the region of the peak 
which was constant at 277 +24 cpm per mg. The 
adrenosterone was considered radiochemically pure. 
11p-Hydroxyprogesterone: The 11f8-hydroxyprogeste- 
rone isolated was analyzed by ultraviolet absorption at 
242 mu, and consisted of 3.08 mg and 24,000 cpm; 10 mg 
of carrier was added. A 99-transfer ccd in methanol: 
water (70: 30)/chloroform: carbon tetrachloride (20: 80) 
showed a clear dissociation of radioactivity (K = 0.30) 
from the 11$-hydroxyprogesterone as measured by ul- 
traviolet absorption (K=0.41). Hence, the 118-hy- 
droxyprogesterone was not labeled. 
6p-Hydroxyprogesterone: The portion of the 6f-hy- 
droxyprogesterone carrier recovered unchanged was re- 
chromatographed in ligroin: toluene (67:33) /methanol : 
water (70:30). The compound as isolated from this 
chromatogram was still not pure, as shown by an atypical 
ultraviolet absorption spectrum. The absorbance at 237 
mu indicated a maximum content of 0.13 mg; it con- 
tained 950 cpm. To this was added 8.6 mg of unlabeled 
carrier. A 99-transfer ccd in methanol: water (80:20) / 
chloroform: carbon tetrachloride (10: 90) showed a clear 
dissociation of the radioactivity (K = 1.57) from the car- 
rier (K=1.41). The transformation product of 68-hy- 


droxyprogesterone, allopregnane-3,6,20-trione, as recov- 
ered from the chromatograms, contained only 3,700 cpm. 
This low level of radioactivity together with the lack of 
activity in the small amount of 68-hydroxyprogesterone 


recovered made further work on this fraction seem 
unwarranted. 

Androstenedione: The pool of this compound recovered 
from the incubation mixture contained 2.04 mg as meas- 
ured by ultraviolet absorption at 240 my, and 133,000 cpm. 
To this was added 60 mg of unlabeled androstenedione. 
Two crystallizations from aqueous ethanol furnished 
crystals having specific activities of 1,980 and 1,900 
cpm per mg (calculated 2,140 cpm per mg) and a final 
mother liquor, specific activity of 1,960 cpm per mg. 
Crystallization from acetone : cyclohexane yielded crystals 
of specific activity 1,880 cpm per mg and a mother 
liquor residue of 1,960 cpm per mg. These latter crys- 
tals were subjected to a 99-transfer ccd in methanol: 
water (80:20)/carbon tetrachloride. The single peak 
in radioactivity coincided with the peak in ultraviolet 
absorption (K = 0.72); the mean specific activity in the 
region of the peak was 2,130+ 194 cpm per mg. The 
androstenedione was therefore considered radiochemi- 
cally pure at this point. 

17p-Hydroxyprogesterone: The pool of 17a-hydroxy- 
progesterone contained 1.61 mg (239 mu) and 22,100 
cpm; 10 mg of 17a-hydroxyprogesterone carrier was 
added and the whole subjected to a 99-transfer ccd in 
methanol: water (70: 30)/chloroform: carbon tetrachlo- 
ride (10:90). The peak in radioactivity coincided with 
the peak in the 17a-hydroxyprogesterone as measured by 
ultraviolet absorption (K = 0.49). The mean specific 
activity around the peak was 1,900 + 167 cpm per mg. 
The material from this peak was crystallized twice from 
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aqueous ethanol to give crystals having specific activities 
of 1,670 and 1,740 cpm per mg (calculated 1,900 cpm per 
mg). Crystallization from benzene: cyclohexane gave 
crystals, 1,740 cpm per mg and a mother liquor resi- 
due, 1,750 cpm per mg. The 17a-hydroxyprogesterone 
was considered radiochemically pure at this point. 

Dehydroepiandrosterone: The recovered dehydroepi- 
androsterone was analyzed by the Zimmermann reac- 
tion (25) and contained 2.11 mg and 3,800 cpm; 10 mg of 
unlabeled dehydroepiandrosterone was added and the 
whole was subjected to a 99-transfer ccd in methanol: 
water (80:20)/carbon tetrachloride. A single peak 
(Zimmermann) of carrier was found (K = 1.25); there 
were two peaks in radioactivity—one (K = 8.00) con- 
tained 745 cpm; the larger peak corresponded to the 
peak in dehydroepiandrosterone (K =1.25), but con- 
tained other labeled material since it failed to fit the 
theoretical distribution curve. This peak contained 
about 2,100 cpm. The contents of the tubes containing 
the dehydroepiandrosterone were combined and crystal- 
lized five times from aqueous ethanol giving crystals 
containing 87, 102, 86, 84, and 90 cpm per mg and a final 
mother liquor residue having 110 cpm per mg. Crystal- 
lization from acetone: hexane yielded crystals containing 
85 cpm per mg and a mother liquor residue of 75 cpm per 
mg. The last crystals were subjected to a 24-transfer 
ccd in ethyl acetate: cyclohexane (30: 70) /ethanol : water 
(55:45). The peak in radioactivity coincided with the 
peak in dehydroepiandrosterone (Zimmermann reaction, 
K = 1.04). Constant specific activity, 80+ 12 cpm per 
mg in the region of the peak, indicated radiochemical 
purity. The dehydroepiandrosterone was then consid- 
ered radiochemically pure. 

Testosterone: The testosterone as isolated from the 
incubation mixture was impure as indicated by its ultra- 
violet absorption spectrum. It was, therefore, rechro- 
matographed in ligroin: toluene (67: 33) /methanol : wa- 
ter (70:30). It then had a satisfactory spectrum indi- 
cating a recovery of 1.12 mg and contained 4,800 cpm; 
10 mg of carrier testosterone was added and the whole 
subjected to a 99-transfer ccd in methanol: water (80: 
20) /chloroform: carbon tetrachloride (10:90). A single 
peak in material absorbing at 240 my coincided with the 
single peak in radioactivity (K=1.19); however, the 
experimental points for radioactivity did not agree well 
with the theoretical curve, thus indicating the presence 
of a radioactive impurity. The peak contained 9.73 mg 
and 3,380 cpm. The contents of the tubes containing 
the testosterone were crystallized five times from aqueous 
ethanol. The specific activities of the crystals were 306, 
312, 255, 196, and 206 cpm per mg, and that of the resi- 
due in the final mother liquor, 276 cpm per mg. Crystal- 
lization from acetone: hexane yielded crystals contain- 
ing 223 cpm per mg and a residue in the mother liquor 
of 210 cpm per mg. In view of these results and the 
relatively high level of activity associated with the 
closely related androstenedione, the testosterone was con- 
sidered labeled. 


4 = 
4 
_ 
: 
Be 
\ 


SAVARD ET AL. 


DISCUSSION 
Methods for radiochemical purity 


In the demonstration of radiochemical purity 
ot the isolated steroid carriers, it has been our 
experience that radioactive contamination is reia- 
tively unlikely when the radioactive starting ma- 
terial is a steroid closely related to the products; 
thus, in Experiments A and B, achievement of ra- 
diochemical purity presented no serious difficul- 
ties. This was not true when the radioactive 
starting material was a substance far removed 
(in the biosynthetic sense) from the products un- 
der study, as in Experiments C and D in which 
cholesterol-C** and acetate-C'* were incubated. 
In one, only a small percentage of the radioactivity 
was ultimately associated with the steroid car- 
riers, while in the other (Experiment C), demon- 
stration of radiochemical purity was not achieved ; 
the purification problem in these latter cases ap- 
pears to have been compounded by the large va- 
riety and unknown nature of the radioactive im- 
purities, particularly in the cholesterol-C** study. 

We have found that after separation and iso- 
lation of the carrier steroids in chemically pure 
state, several purification measures may be used 
to demonstrate radiochemical purity, the main 
criterion being constancy of specific activity of the 
steroid at each step through a series of physical 
and chemical manipulations. The greater the 
number of such manipulations without significant 
change in specific activity, the greater the likeli- 
hood that the compound is radiochemically pure. 
Conversely, decreases in specific activity through 
these manipulations signify contamination of the 
carrier by some trace impurity. 

Among the various manipulations currently 
employed for purification, couutercurrent distri- 
butions have proven particularly useful, since 
nonhomogeneity can be readily detected when the 
radioactive compound and the steroid carrier 
have only slightly different partition coefficients 
in the system employed (45). Formation of suit- 
able derivatives is also of value, since two com- 
pounds (steroid carrier and radioactive com- 
pound) which have very similar physical proper- 
ties may form derivatives having less similar 
properties. In this regard, the steroid carrier 
derivative selected should be one which is based 
upon the most characteristic chemical feature 


of the carrier and which effects the maximum al- 
teration in its physical properties. Crystalliza- 
tion (of steroid carriers and derivatives), how- 
ever, has been the manipulation most widely used 
as the criterion for radiochemical purity, since a 
trace contaminant is likely to be completely solu- 
ble in the solvent used to crystallize the larger 
amount of carrier. Unfortunately, with steroids, 
this ideal situation is often complicated by adsorp- 
tion of impurities on crystals and even mixed 
crystal formation (this phenomenon may explain 
the tenacity of the contaminants encountered in 
Experiment C). Purification to constant specific 
activity in a particular solvent may be considered 
to have been achieved when specific activity re- 
mains constant through several recrystallizations. 
When only small quantities of carrier are avail- 
able, however, the above is not always possible ; 
in such cases we have found it necessary to carry 
out specific activity measurements on both crys- 
tals and mother liquors from each crystallization 
in order to determine if constant specific activity 
has been achieved in that particular solvent. 

These criteria served to provide the values given 
in Table IV for Experiments A, B and D; the 
same criteria applied to the steroids in the cho- 
lesterol-C** study (Experiment C) indicated that 
the associated radioactivity was largely due to un- 
known impurities. To be noted is the value of 
the isolation of several carriers devoid of radio- 
activity; such negative results lend considerable 
confidence to the positive values obtained in the 
same study. 


Biochemical considerations 


The elevated level of the urinary 17-ketosteroids 
seen in the patient preoperatively is consistent 
with the classical clinical features of interstitial 
cell tumors of the testis in childhood (1-21). 
Analysis of the individual 17-ketosteroids revealed 
androsterone and etiocholanolone (Table II) to be 


present in the largest amounts. Metabolic stud- 
ies in humans (50) show that the principal pre- 
cursors of these two urinary C,,O, steroids are 
androstenedione, testosterone and dehydroepian- 
drosterone, and that the two metabolites are usu- 
ally excreted in approximately equal amounts, as 
they are in our patient (Table II). The elevated 
levels of the 11-oxygenated 17-ketosteroids in the 
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urine are most impressive since the occurrence of 
an oxygen substituent at carbon-11 of a steroid 
of mammalian origin has long been considered 
indicative of that steroid’s adrenal cortical origin. 
The high concentration of 11-keto- and 11-hy- 
droxyandrosterone (1.8 mg per 24 hours) indi- 
cates that at least one of the likely precursors 
(51)—11-hydroxyandrostenedione, adrenoster- 
one or 11f-hydroxytestosterone—was formed by 
the tumor; these three latter compounds have 
been isolated from adrenal tissue either as con- 
stituents or as metabolic products (52-55). The 
urinary 17-ketosteroid pattern thus suggests that 
the principal C,,O, androgen elaborated was tes- 
tosterone or androstenedione (or perhaps dehy- 
droepiandrosterone), and that one of the more 
weakly androgenic C,,O, compounds—11-hy- 
droxyandrostenedione, 118-hydroxytestosterone, 
or adrenosterone (56, 57)—was formed in les- 
ser amounts. The preoperative levels of urinary 


pregnanetriol suggest also the likelihood of the 
formation by the tumor of 17a-hydroxyprogester- 
one (50). 

The results of the acetate incubation study, 


given in Table IV, indicate that androstenedione 
and testosterone are indeed the major steroids 
elaborated by the tissue under the conditions of 
incubation and, no doubt, account for the virilizing 
properties of this tumor. The accumulation of 
C'* in both these compounds amounts to 0.07 per 
cent of the added acetate. 11-8-Hydroxyandro- 
stenedione and its companion adrenosterone (11£- 
hydroxytestosterone was not sought) accumulated 
0.04 per cent. Thus, in the acetate experiment, 
the ratio of C,,0, to C,,O, steroids is in excellent 
agreement with the quantitative relationship of 
these two classes of steroids found in the urine. 
In the study with acetate-C"™, little or no radio- 
activity was associated with progesterone while a 
significant amount accumulated in 17a-hydroxy- 
progesterone. Perfused stallion testes have been 
shown to incorporate acetate-C'* into both pro- 
gesterone and 17a-hydroxyprogesterone (58), 
and a human embryonal testicular tumor, under 
tissue-slice conditions, elaborated progesterone 
(31) in addition to androstenedione and testoster- 
one. Our incubation studies suggest that while 
these two C,,-compounds appear to act in this 
tumor as intermediates (see below) in the biosyn- 
thetic pathway to the androgens (Experiment B), 
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both may well have been secreted by this tumor 
in vivo, their production being reflected by the 
elevated urinary titers of pregnanetriol and neu- 
tral acylable lipids (Table 1), although the latter 
may be made up of C,,-diol compounds. The 
relatively minor amount of dehydroepiandroster- 
one obtained in the incubation with acetate-C™ 
(Table IV), suggests that this substance was 
transformed rapidly by the tissue and therefore 
accumulated little or no radioactivity in the in vivo 
study. 

The incubation of the tumor tissue with cho- 
lesterol-C'* was undertaken with the notion that 
an efficient utilization and transformation of la- 
beled cholesterol into steroid hormone products 
would occur. This premise has proved to be false. 
This does not necessarily mean that cholesterol 
is not an intermediate in the synthesis of steroid 
hormones in this tumor. Although the tissue was 
capable of active steroid synthesis as seen in the 
other experiments, no significant amount of cho- 
lesterol-C'* was transformed into recognizable 
C,, or C,, steroid products. Dilution of the radio- 
active cholesterol by the tissue and medium choles- 
terol, or its failure to penetrate cell membranes 
could explain the negative results. However, the 
cholesterol-C** did undergo some chemical trans- 
formations to more polar material, as indicated by 
the large amounts of radioactivity found in the 
polar fractions accompanying the steroid carriers. 
This unidentified material, which may have been 
a biochemical transformation product or an arti- 
fact, accompanied the carrier steroids through 
several purifications, including the formation of 
derivatives. 

The results of the incubation of testosterone-C™* 
(Experiment A) are clear-cut. The major trans- 
formation product of testosterone was androstene- 
dione, known to be a normal secretory product 
of human (59) and dog testicular tissue (60). 
The presence in this tumor of the enzyme, 11£- 
hydroxylase (61), was demonstrated by the iso- 
lation of radioactive 118-hydroxyandrostenedione 
and 118-hydroxytestosterone (54). The signifi- 
cance of this reaction in testicular, tumor tissue is 
discussed below. The formation of radioactive 
adrenosterone in minor amounts points to the 
presence of the widely occurring 11-hydroxyde- 
hydrogenase (62) in this tumor tissue or possibly 
in the plasma used in the incubating medium. It 
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should be noted that no radioactive products 
other than the four described were found in this 
experiment and that the 118-hydroxylase activity 
of the tissue is demonstrated by the fact that 7.6 
per cent of the added testosterone was converted 
to 1l-oxygenated steroids. 

The isolation of radioactive 17a-hydroxyproges- 
terone, testosterone and androstenedione from the 
progesterone-C’* incubation experiment (Table 
IV, Experiment B) serves to indicate the pathway 
for the formation of androgens by this tumor tis- 
sue. Slaunwhite and Samuels (63) described the 
transformation of progesterone into androstenedi- 
one and testosterone by rat testicular tissue and 
postulated that 17a-hydroxyprogesterone is an in- 
termediate. These transformations have been con- 
firmed by the present study, by Solomon, Vande 
Wiele and Lieberman (64) in bovine ovarian tis- 
sue, and by Lynn and Brown (65) and one of the 
authors in normal rat testis tissue, which has also 
been shown to transform 17a-hydroxyprogester- 
one-C™ into radioactive androstenedione and tes- 
tosterone (66). The presence of 118-hydroxy- 
androstenedione among the transformation prod- 
ucts of progesterone is consistent with the results 
of the testosterone incubation. The absence of 
118-hydroxyprogesterone and 11-ketoprogester- 
one from the products derived from progesterone 
is interesting in view of the isolation of 11-oxy- 
genated C,, compounds in this and other incuba- 
tions. This may suggest that the tumor 11 8-hy- 
droxylase exhibits a substrate preference (61). 
A final point of interest is the apparent failure of 
this tumor tissue to convert progesterone to either 
of the two substances, 20a- or 208-hydroxy-4- 
pregnen-3-one. They have been shown to be pro- 
duced from progesterone by human (66) and bo- 
vine (67) ovarian tissue in vitro, and by the evis- 
cerated rat in vivo (68), and normally accompany 
progesterone in the blood of pregnant women and 
in human follicles, corpora lutea and possibly in 
placental blood (35). 


Clinical considerations 


There are 22 previously reported cases of so- 
called interstitial cell tumors of the testis occurring 
in childhood and producing isosexual precocity 
(1-21). In the present case the demonstration 
in the tumor of certain biochemical activities 
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(11f-hydroxylase activity, formation of 11f-hy- 
droxyandrostenedione and related compounds), 
which more closely resemble those of adrenal cor- 
tical than of testicular tissue, requires reappraisal 
of the status of the interstitial cell tumor of the 
testis. 

As with the previous 22 cases, our patient dis- 
played clinical abnormalities attributable to the 
overproduction of androgens: precocious statural 
and isosexual growth, advanced skeletal matura- 
tion, excessive muscular development, facial acne 
and hirsutism. Precocity began between the ages 
of three and six years in almost all reported cases, 
including the present one, and the tumor was uni- 
lateral and benign in all but one case. Correlated 
with this, in our case and nine previous cases so 
studied, urinary 17-ketosteroids were elevated for 
the age, ranging from 2.9 to 64 mg per 24 hours. 
Gynecomastia was observed in three previous cases 
but not in the present one, where urinary estrogen 
was in the normal range and none was formed by 
the tumor tissue im vitro (Experiment D). A 
clue to the gynecomastia in the three cases may 
be in the recent demonstration of the conversion 
of androgen to estrogen by human endocrine (69) 
and nonendocrine tissues (70) and the observation 
of gynecomastia following androgen administra- 
tion (71). 

The origins of these tumors are not clear. 
First, there are no precise morphologic criteria 
for differentiating adrenal cortical cells from in- 
terstitial cells of Leydig (11, 72), and secondly, 
adrenal cortical rests do occur in the testes. This 
is not surprising since the adrenal cortex arises 
embryologically in the dorsal mesenteric root in 
close proximity to the urogenital ridge containing 
the gonads (73). In this way it is conceivable 
that these tumors can resemble adrenal cortical tis- 
sue both morphologically and biochemically. On 
the other hand, massive replacement of testicular 
tissue by aberrant adrenal cortical cells in a patient 
with congenital virilizing adrenal cortical hyper- 
plasia has been reported by Wilkins and co-work- 
ers (74). Subsequently, this has been confirmed, 
and in 1954, Hedinger reported a similar patient 
in whom cortisone administration induced marked 
regression of testicular size (75). Staubitz and 
co-workers in 1953 reported a patient with bi- 
lateral “interstitial cell tumors” with precocity be- 
ginning at three years of age, but in whom urinary 
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17-ketosteroids were 73.9 mg per 24 hours before 
bilateral orchiectomy and still elevated at 69.6 
mg per 24 hours three months postoperatively 
(76), suggesting that this was an instance of 
adrenogenitalism with bilateral adrenal cortical 
rests in the testes; for this reason it has not been 
included in our list of previously reported cases 
of interstitial cell tumors of the testis. Because 
of insufficient data for diagnosis, another case with 
bilateral testicular tumors reported by Garvey 
and Daniel has been excluded from our series 
(77). We have accepted the case reported by 
Rezek and Hardin (19) with bilateral testicular 
tumors, primarily on the basis of a decrease in 
17-ketosteroids from 91 (60 per cent “-ketoster- 
oids”) to 2.1 (no “B-ketosteroids”) mg per 24 
hours 16 months postoperatively. However, the 
preoperative level of 38-hydroxy-17-ketosteroids 
in the urine is suggestive evidence for tumor for- 
mation from adrenal-cortical cell rests. Sand- 


blom’s patient has been included perhaps incor- 
rectly in our series, since at four years of age and 
one year postoperatively the urinary 17-keto- 
steroids varied between 10 and 20 mg per 24 hours 


as compared to 64 mg per 24 hours before sur- 
gery (8). There thus appears, probably for 
want of completeness in their work-up, an ob- 
scure picture of the “testicular” origins of these 
tumors; in some instances they possess the dis- 
tinct character of adrenal cortical rests, while in 
those included in our series, they show no such 
morphological properties. 

There is one histological finding that has long 
been considered specific for Leydig cells, namely 
the presence of crystalloids of Reinke (78). 
These also occur in the ovarian hilus cells but 
have never been described in adrenal cortical tis- 
sue. Recently Sternberg, Segaloff and Gaskill 
have reaffirmed that these crystalloids are indeed 
“specific identification tags, distinguishing hilus 
and Leydig cells from morphologically similar 
cells such as lutein and adrenal cortical cells” (79). 
Although absent in each of the previously reported 
cases of prepubertal interstitial cell tumors, crys- 
talloids of Reinke were clearly demonstrated in 
the tumor of our patient. Thus, on the one hand 
this tumor had this morphologically identifying 
stigma of testicular origin, while on the other 
hand, its biochemical activity suggested certain 
adrenal cortical properties. Here the enigma 
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must rest, but we are forced to re-open the ques- 
tion as to tissue specificity of both the crystalloids 
of Reinke and the capacity to elaborate 118-hy- 
droxysteroids. Perhaps it should be re-empha- 
sized that while 118-hydroxylase activity has 
never been previously observed in normal testicu- 
lar tissue, no distinct search has been made until 
very recently ; it was not found in normal stallion 
testis tissue (58) and could not be demonstrated 
in an arrhenoblastoma (66). The apparent ab- 
sence of 118-hydroxylase from normal testicular 
and ovarian tissues may however reflect a failure 
of analytical techniques to detect extremely low 
concentrations of enzymatic activity. The process 
of tumor formation could bring about an increase 
in concentration of an enzyme normally considered 
absent from the tissue, and seemingly could cause 
the tumor to “acquire” an enzyme not usually as- 
sociated with the parent tissue. The recent re- 
port of the enzyme 21-hydroxylase (likewise gen- 
erally associated with adrenal cortical tissue) in 
an induced tumor of testicular interstitial cell ori- 
gin in the mouse (80) suggests such a possibility. 

Our patient's postoperative course during two 
years of observation has been of considerable in- 
terest. His excessive libido gradually subsided 
and social adjustment improved, but there was no 
regression of the physical manifestations of pre- 
cocity ; indeed, he continued to mature. Growth 
continued at approximately the same rate as pre- 
operatively, but the bone age advanced only one to 
two years. The remaining left testis, small pre- 
operatively, increased to late-adolescent size with 
normal consistency. Urinary gonadotropins, 
which were absent preoperatively, reached the 
normal adult range of 7 rat uterine units. The 
urinary 17-ketosteroid levels fell precipitously 
after operation to approximately 1.0 mg per 24 
hours, but during the last year of observation have 
varied between 3.0 and 7.4 mg per 24 hours. The 
above data suggest that postoperatively the pa- 
tient entered true puberty with its attendant go- 
nadotropin production, growth spurt and matura- 
tion of the remaining testis. This simulates the 
sexual maturation which has been observed dur- 
ing cortisone therapy of patients with the adreno- 
gentital syndrome in whom somatic maturation, 
reflected by a bone age of 11 to 12 years, had taken 
place prior to treatment (81). It would appear 
that, irrespective of chronological age, some re- 
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lationship exists between the level of somatic 
and skeletal development and the initiation of the 
hypothalamic-pituitary discharge which leads to 
elaboration of gonadotropin. The normal adoles- 
cent values of urinary gonadotropins, 17-ketoster- 
oids and pregnanetriol postoperatively in our 
patient are evidence against either development 
of a new tumor in the remaining testis or of 
adrenal hyperplasia as a basis for the subsequent 
continued somatic and sexual development. 
Inadequate data are available on the postopera- 
tive course of the 22 previously reported cases. 
In general, the literature reports little or no re- 
gression of the precocious physical characteristics. 
In two patients with preoperative heights of 152 
cm there was no further growth postoperatively, 
probably reflecting closure of the epiphyses prior 
to surgical excision of the tumors. However, 
in five patients whose preoperative height was less 
than 127 cm and whose bone age was 12 years or 
less, a deceleration of growth rate and genital 
development was specifically noted. One other 
patient, with a preoperative height of 120.7 cm 
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and a bone age of 10 years, grew 20 cm during 
the first 17 months after operation, and the re- 
maining testis appeared to be enlarging. While 
the latter patient’s course is suggestively similar 
to that of our own case, no testicular biopsy nor 
gonadotropin assays were reported. In three pa- 
tients with gynecomastia, breast enlargement dis- 
appeared in two and persisted in one. 

This protracted study has served to demon- 
strate that the virilizing properties of this tumor 
may be ascribed to two principal androgenic ster- 
oids, testosterone and 4-androstenedione, whose 
formation in the tumor is consistent with the 
mechanism of androgen biosynthesis recently 
postulated for normal testicular tissue (63) (Fig- 
ure 7). The demonstration of the presence of the 
enzyme 11-hydroxylase points to certain hitherto 
unsuspected endocrine and embryological con- 
siderations of this tumor. The implications of 
these observations as to the nature of the hor- 
mone-secreting cells of this tissue must await the 
extension of these studies to similar virilizing tu- 
mors of the testis. 
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Broken arrows indicate 


presumed transformations; Te = produced from testosterone-4-C™“ in Experiment A; Pr = produced from pro- 


gesterone-4-C™ in Experiment B; Ac = produced from acetate-1-C“ in Experiment D. 


= cholesterol; II = 


progesterone ; III = 17a-hydroxyprogesterone ; IV = dehydroepiandrosterone; V = 4-androstene-3,17-dione; VI= 
testosterone; VII = 118-hydroxy-4-androstene-3,17-dione; VIII = 118,178-dihydroxy -4-androstene-3-one (118-hy- 


droxytestosterone) ; IX = adrenostcrone. 
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SUMMARY 


An interstitial cell tumor in the testis was re- 
moved from a highly virilized boy. The preopera- 
tive levels of urinary 118-hydroxyandrosterone, 
118-hydroxyetiocholanolone, 11-ketoandrosterone, 
androsterone, etiocholanolone and pregnanetriol 
were abnormally high and fell promptly following 
surgery. After incubation of tumor slices with 
acetate-1-C'*, the following radioactive steroids 
were found by carrier dilution: testosterone, 
4-androstene-3,17-dione, (in small amount) de- 
hydroepiandrosterone, 17a-hydroxyprogesterone, 
adrenosterone and 118-hydroxyandrostenedione ; 
estrone, estradiol-178, estriol, progesterone and 
118- and 68-hydroxyprogesterone were isolated 
devoid of radioactivity. Incubation with proges- 
terone-4-C** yielded radioactive 17a-hydroxypro- 
gesterone, androstenedione, testosterone and 11- 
hydroxyandrostenedione. Incubation with testos- 
terone-4-C* yielded radioactive androstenedione, 
118-hydroxytestosterone, 118-hydroxyandrostene- 
dione and adrenosterone. Cholesterol-4-C** failed 
to give rise to significant amounts of radioactive 
steroid products. 


A critique of methods for the study of radio- 
chemical purity of steroids is presented. 

The morphological, biochemical and clinical as- 
pects of this twenty-third reported case of viriliz- 
ing interstitial cell tumor of the testis are discussed. 
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DISAPPEARANCE RATE OF CONCENTRATED PROCONVERTIN 
EXTRACTS IN CONGENITAL AND ACQUIRED 
HY POPROCONVERTINEMIA * 


By M. SILVIJA HOAG, PAUL M. AGGELER ann ALFRED H. FOWELL 


(From the Hematology Research Laboratory, Children’s Hospital, San Francisco, and the 
Chemical Research Laboratory, Cutter Laboratories, Berkeley, Calif.) 


(Submitted for publication July 6, 1959; accepted November 12, 1959) 


While developing methods for extraction and 
concentration of various adsorbable blood clotting 
factors (1-3), we found that an extract made by 
Al(OH), adsorption of citrated plasma contained 
large amounts of proconvertin and only small 
quantities of prothrombin, Stuart factor (4), and 
plasma thromboplastin component (PTC) (5). 
The present report is concerned with the disap- 
pearance rate of proconvertin following the rapid 
intravenous administration of this extract to nine 
patients with congenital or acquired hypoprocon- 
vertinemia. 

In their original description of congenital pro- 
convertin * deficiency, Alexander, Goldstein, Land- 
wehr and Cook (6) indicated that the corrective 
effect of normal plasma or serum transfusion 
was lost within 24 hours. After transfusion of 
whole blood to an infant with severe congenital 
hypoproconvertinemia, Hitzig and Zollinger (7) 
found the proconvertin half-life to be 115 to 135 
minutes. The half-life was 57 minutes following 
injection of 20 ml of an extract having a procon- 
vertin potency 30 times that of normal plasma. 

Frick (8) stated that the half-life of procon- 
vertin was 5.5 to 6 hours following plasma trans- 
fusion in normal subjects made hypoproconver- 
tinemic by the intravenous administration of War- 
farin sodium.2 Didisheim, Loeb, Blatrix and 
Soulier (9) stated that the half-life of proconvertin 
was 50 to 55 hours, following intravenous admin- 


* This work was supported by United States Public 
Health Service grant no. H-2754 and by a grant from 
the Girls’ Recreation Club of San Francisco. 

1 Serum prothrombin conversion accelerator (S.P.C.A.), 
Factor VII, stable factor (SF), stable prothrombin con- 
version factor, co-thromboplastin. 

2 Warfarin is 3-(a-acetonyl benzyl) -4-hydroxy-couma- 
din. The sodium salt is produced under the name of 
Coumadin Sodium by Endo Products Inc., Richmond 
Hill, N. Y. 


istration. of a concentrated proconvertin extract 
to one patient with cirrhosis of the liver. 

All previous investigators have been able to 
demonstrate exponential disappearance curves 
with only a single component. We have repeat- 
edly found exponential curves with two com- 
ponents in all experiments except that performed 
on the normal subject. Both the net rise in pro- 
convertin in the blood and the disappearance rate 
following injection of the extract were dependent 
on the degree of deficiency in the recipient. 


METHODS 


All blood was drawn in uncoated glass syringes, im- 
mediately mixed with 1/10 volume of 3.2 per cent so- 
dium citrate in 0.7 per cent NaCl and centrifuged at 
2,000 rpm for 20 minutes. The plasma was removed 
and stored in stoppered glass tubes at — 20° C. 

Proconvertin. This was measured by a modification 
of the method of Owren and Aas (10), using plasma 
from two patients (Bi. C. and Bo. C.) with severe 
congenital proconvertin deficiency as substrate. These 
patients had normal prothrombin consumption and throm- 
boplastin generation tests and normal concentrations of 
Stuart factor. Alraost identical results were obtained 
using partially adsorbed beef plasma as substrate in 
tests on patients having normal Stuart factor concen- 
trations. The proconvertin time was determined after 
the addition of 0.1 ml 0.025 M CaCl, to a mixture of 0.1 
ml of substrate plasma, 0.1 ml rabbit brain thrombo- 
plastin, and 0.1 ml of the patients’ plasma (1/10 dilution 
in 0.85 per cent NaCl). Duplicate tests were done on 
each sample and the times averaged. The proconvertin 
concentration was determined by referring to a standardi- 
zation curve which was constructed separately for each 
new lot of reagents. All tests in any given experiment 
were performed on the same day with the same reagents. 
The standardization curve was constructed by plotting 
the proconvertin time against the plasma dilution on log- 
log paper using 1/10 to 1/200 dilutions of normal plasma. 
The results obtained in 5 to 7 normal subjects were av- 
eraged. Our normal value for this test is 100 per cent 
(2SD =+25 per cent). Deficiencies were arbitrarily 
classified as being mild with values between 50 and 75 
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per cent, moderate between 20 and 49 pet cent and 
severe between 0 and 19 per cent. 

Prothrombin complex and Stuart factor. Prothrom- 
bin complex activity was measured by the method of 
Quick (11) using dehydrated rabbit brain as the source 
of tissue thromboplastin. Prothrombin and Stuart fac- 
tor were measured by the method of Hjort, Rapaport and 
Owren (12). Stuart factor was measured by the 
method of Bachmann, Duckert and Koller (13), which 
is similar to the method of Sise, Lavelle and Becker (14) 
except that optimum concentrations of cephalin and Rus- 
sell viper venom are determined. 

Preparation of extract. Citrated (ACD) blood bank 
plasma, from 1 to 26 days old, was stored in the frozen 
state until sufficient quantity had been accumulated for 
extraction (3 to 4 months). The plasma was thawed 
at 37° C to a final temperature of 25° C and mixed with 
Al(OH), (assayed as 2.4 per cent Al,O, in water at 
neutral pH) in 1/75 of the original plasma volume for 
30 minutes. After centrifugation the Al(OH), sediment 
was washed with 0.9 per cent NaCl in 3/4 of the 
original plasma volume for 30 minutes at 25° C and cen- 
trifuged. The washed sediment was eluted with 0.08 
M Na.HPO, solution, adjusted to pH 8.0 in 1/4 of the 
original plasma volume, stirred for 30 minutes at 25° C 
and centrifuged. The supernatant was decanted and 
brought to pH 5.6 in a concentration of 40 per cent 
ethanol at — 5° C, suspended in cold water and freeze- 
dried. The dried precipitate was dissolved in 1/100 
original plasma volume of Plasmanate,* sterile filtered 
and stored in the frozen state or lyophilized. The ma- 
terial was tested in rats and rabbits for toxicity and py- 
rogenicity before use in human subjects. 


RESULTS 
Clotting factor content 


Three lots of extract prepared from 25 to 100 
|. pools of plasma were used. The content of 
clotting factors as compared with normal plasma 
was: proconvertin, 35 to 88 times; prothrombin 
plus Stuart factor, 6 to 30 times; Stuart factor, 
3.6 to 8.6 times; proaccelerin, antihemophilic fac- 
tor and thrombin absent; and PTC negligible. 


Stability 
The lyophilized extracts were stable when 
tested at 18 months, the reconstituted frozen ex- 


3 We are indebted to the Irwin Memorial Blood Bank 
of the San Francisco Medical Society for its cooperation 
in collecting these plasmas. 

4 Produced by the Cutter Laboratories, Berkeley, Calif. 
The product is made from the effluent of Cohn fraction 
I1V-1 and contains approximately 88 per cent albumin, 
the remainder being a- and f-globulins. It is heated for 
10 hours at 60° C to destroy the virus of homologous 
serum jaundice. 
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tract at 17 months, and the reconstituted liquid 
extract after storage at room temperature for 48 
hours. The proconvertin potency of the extract 
was not diminished after incubation with the 
plasma of a patient with severe congenital hypo- 
proconvertinemia for 140 minutes at 37° C. 


Administration 


Sixteen studies were made on one moderately 
deficient and four severely deficient patients with 
congenital hypoproconvertinemia, two patients 
with mild deficiency of proconvertin of unknown 
etiology, one patient with severe hepatitis, one 
normal subject and the same subject made hypo- 
proconvertinemic by the oral administration of 
Warfarin. A summary of the results is given in 
Table I. In these experiments 14 to 58.5 ml of 
extract was given intravenously within three to 
seven minutes. Because of the small volumes em- 
ployed no correction for plasma volume expansion 
was made. The plasma volume was not meas- 
ured and an average value of 45 ml per kg was 
used in calculating the predicted net rise in pro- 
convertin at T = 0 (time of completion of injec- 
tion). For purposes of these experiments one 
unit of proconvertin is defined as the amount in 
1 ml of normal human plasma. 


Urine recovery experiments 


In several experiments no proconvertin could 
be recovered in the urine collected during the pe- 
riod following injections of the extract when 90 
per cent of the proconvertin activity disappeared 
from the blood. The volume of urine collected 
during this time was only 10 per cent of the plasma 
volume so that if any proconvertin was present it 
should have been easily detected. This does not 
prove, however, that proconvertin was not lost 
through the kidney and subsequently inactivated. 


Reactions 


Except for transient flushing of the face in 
two patients during the injection there were no 
subjective reactions during or following the use 
of these extracts. The temperature, pulse and 
respiration remained unchanged. The normal 
subject, a physician, subsequently developed acute 
hepatitis at a time consistent with the incubation 
period of homologous serum jaundice. However, 
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Fic. 1. DISAPPEARANCE CURVES FOLLOWING INJECTION 
OF CONCENTRATED PROCONVERTIN EXTRACT IN FOUR PA- 
TIENTS WITH SEVERE CONGENITAL HYPOPROCONVERTINEMIA, 
(N. C., 42.0 U per kg; Bo. C., 48.4 U per kg; Bi. C., 36.3 
U per kg; M. R., 44.6 U per kg.) 


at the time he received the extracts, he was also 
exposed to several cases of infectious hepatitis. 
None of the other five patients who received the 
same lot of extract, nor those receiving other lots, 
developed any late sequelae. 


Analysis of disappearance curves. 


Disappearance curves having two exponential 
components were obtained in all experiments ex- 
cept the one in the normal subject. The net rise in 
proconvertin at T = 0 was obtained by extrapola- 
tion of the exponentials. The two exponential 
components (net rise of proconvertin concentra- 
tion = Ae™t + Bet) were determined graphi- 
cally by subtraction of the extrapolated final slope 
(Best) from the initial portion of the curve; 
Aet was plotted in this way. The net rise in 
proconvertin at T = 0 is equal to the sum of the 
extrapolated exponential component intercepts 
(A +B) (15). 

A, Severe congenital hypoproconvertinemia. In 
Figure 1 are shown the results of a single experi- 
ment in each of four patients with severe congeni- 
tal hypoproconvertinemia (N. C., M. R., Bo. C. 
no. 3 and Bi. C. no. 1). The results of three ex- 
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periments done on one of these patients (Bo. C.) 
are shown in Figure 2. The similarity of the 
slopes of the disappearance curves is apparent. 
In seven experiments done on these four patients, 
the half-time of the first exponential component of 
the disappearance curve varied from 11 to 17 
minutes and that of the second from 90 to 110 
minutes. The dose of proconvertin varied from 
36.3 to 70 units per kg. Within this range the 
slope of the disappearance curve did not appear 
to be dose dependent. The net rise in procon- 
vertin in the patient’s blood at T =0 was 91 to 
160 per cent; the predicted net rise was 80 to 
177 per cent. The net recovery averaged 99 per 
cent of the predicted value. 

B. Moderate congenital hypoproconvertinemia. 
In one patient (M. M.) with moderate congenital 
hypoproconvertinemia considerably slower disap- 
pearance rates were found than in patients with 
the severe form of the disease. In Figure 3 one 
experiment on this patient (M. M. no. 3) is coin- 
pared with a similar experiment on a patient 
(Bo. C. no. 2) with severe congenital hypopro- 
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Fic. 2. DIsAPPEARANCE CURVES FOLLOWING INJECTION 
OF CONCENTRATED PROCONVERTIN EXTRACT ON THREE OC- 
CASIONS TO ONE PATIENT WITH SEVERE CONGENITAL HYPO- 
PROCONVERTINEMIA. (Bo. C.: Exp. no. 1, 61.0 U per kg; 
Exp. no. 2, 44.8 U per kg; Exp. no. 3, 48.4 U per kg.) 
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Fic. 3. DISAPPEARANCE CURVES FOLLOWING INJECTION 
OF CONCENTRATED PROCONVERTIN EXTRACT TO ONE PATIENT 
WITH SEVERE (Bo. C., 44.8 U PER KG) AND ONE WITH 
MODERATE (M. M., 32.3 U PER KG) CONGENITAL HYPOPRO- 
CONVERTINEMIA. 


convertinemia. Following doses of 32.3 to 41 
units per kg, the half-time of the first exponential 
component of the disappearance curve was 28 to 
30 minutes and that of the second 222 to 240 min- 
utes. The net rise in proconvertin in the patient’s 
blood at T = 0 was 110 to 136 per cent. The net 
recovery was 147 to 152 per cent of the predicted 
value. 

C. Mild hypoproconvertinemia. Two patients 
with mild fluctuating hypoproconvertinemia were 
studied. One, Mc. C., is the maternal grandfather 
of Bi. C. and Bo. C. He had no history of abnor- 
mal bleeding. At various times his proconvertin 
concentration had been found to be between 54 
and 70 per cent. The other patient, G. L., had a 
mild bleeding tendency, his most recent episode 
having been prolonged bleeding following hemor- 
rhoidectomy. His proconvertin concentration had 
varied between 18 and 74 per cent. The results 
of the experiments in these patients, done when 
their proconvertin concentrations were 70 and 74 
per cent, were in most respects similar to those in 
the patient with moderate congenital hypopro- 
convertinemia. The half-time of the first expo- 
nential component of the disappearance curve was 
18 and 21 minutes while that of the second was 
210 minutes in both cases. Following doses of 


25.6 and 34.2 units per kg the net rise in procon- 
vertin in the patient’s blood at T = 0 was 93 and 
145 per cent, which amounted to 162 and 180 per 
cent of the predicted value. 

D. Liver disease. The results of one experi- 
ment performed in a patient with acute hepatitis 
with a proconvertin concentration of 5 per cent 
were similar to those obtained in the patients 
with severe congenital hypoproconvertinemia. 
The half-time of the first exponential component 
was 15 minutes and that of the second 120 min- 
utes. Following a dose of 37.8 units per kg, the 
net rise of proconvertin in the patient’s blood at 
T =0 was 101 per cent which amounted to 117 
per cent of the predicted value. 

E. Normal subject before and after Warfarin. 
One normal subject was studied before and after 
the oral administration of Warfarin. The disap- 
pearance curves following administration of the 
extract are shown in Figure 4. Before Warfarin 
a disappearance curve was obtained with a single 
exponential component, with a half-time of 230 
minutes. The net rise of 122 per cent in procon- 
vertin at T= 0 in the patient’s blood, after in- 
jection of 32.9 units per kg, was 167 per cent of 
the predicted value. ; 

Over a period of 12 days he was given orally 
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Fic. 4. DIsAPPEARANCE CURVES FOLLOWING INJECTION 
OF CONCENTRATED PROCONVERTIN EXTRACT TO A NORMAL 
SUBJECT BEFORE AND AFTER THE ADMINISTRATION OF 
Warrarin. (Normal, before, 32.9 U per kg; after War- 
farin, Exp. no. 1, 19.2 U per kg; after Warfarin, Exp. no. 
2, 34.3 U per kg.) 
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12.5 mg Warfarin daily until his proconvertin 
level had become stabilized. This dose was con- 
tinued throughout the period of the experiments. 
During the five days preceeding the first experi- 
ment his proconvertin concentration varied between 
9 and 13 per cent, and the Quick test and the 
Stuart factor concentrations varied between 18 
and 22 per cent. In the first experiment he was 
given a dose of extract sufficient to produce a net 
rise of 46 per cent in the proconvertin concentra- 
tion of his blood at T=0. Two days later he 
was given approximately twice this dose which 
resulted in a net rise of 96 per cent at T= 0. 
The net recoveries were 106 and 125 per cent of 
the predicted values. 

The slopes of the disappearance curves were 
almost identical in the two experiments, the half- 
time being 12 and 13 minutes for the first compo- 
nent and 85 minutes for the second. These re- 
sults are similar to those found in severe con- 
genital hypoproconvertinemia and are in striking 
contrast to those obtained in the same subject be- 
for the administration of Warfarin. 


Effect of extracts on other clotting tests 


The effect of the extracts on clotting factors 
other than proconvertin was studied in several 


patients. Three of the patients with untreated 
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severe congenital deficiencies (Bi. C., Bo. C. and 
M. R.) with proconvertin concentrations of 1 to 
7 per cent had Quick test values of 9 to 12.5 per 
cent. One patient (N. C.) showed a greater dis- 
crepancy, his Quick value being 36 per cent with 
a proconvertin concentration of only 4 per cent. 
In all of these patients following injection of the 
extract the Quick values remained higher than the 
proconvertin concentration, particularly during 
the first hour when differences of 35 to 60 per 
cent were frequently noted. This increased dis- 
crepancy gradually diminished toward the end of 
the experiments and was always gone by the fol- 
lowing day. A comparison of the results of these 
two tests in N. C. following injection of the ex- 
tract is shown in Figure 5. 

In the one patient with moderate congenital 
hypoproconvertinemia there was fairly good agree- 
ment between the results of the Quick and pro- 
convertin tests both before and after all three 
injections of extract. Before injection the pro- 
convertin varied between 26 and 35 per cent and 
the Quick value between 36 and 38 per cent. 
Following injection the Quick value was usually 
slightly greater than the proconvertin concentra- 
tion but there were variations of as great as + 10 
per cent. 

In the normal subject receiving Warfarin two 
different situations were observed immediately 
following injection of the extract, depending upon 
the amount given. With the smaller dose, which 


elevated the proconvertin concentration to 54 per 
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cent ten minutes after injection, the Quick value 
exceeded the proconvertin value by 9 per cent and 
remained 11 to 19 per cent higher throughout the 
With the 


. period of the experiment (Figure 6). 
larger dose of extract, which elevated the procon- 
vertin concentration to 96 per cent, the procon- 
vertin value exceeded the Quick value by 35 per 


cent ten minutes after injection. At 30 minutes 
the results of the two tests were equal. There- 
after the Quick value exceeded the proconvertin 
result by as much as 29 per cent (Figure 7). 
These results show the strong influence which can 
be exerted on the Quick test by variations in the 
proconvertin concentration. Up to a certain point, 
despite a considerable deficiency in prothrombin 
and Stuart factor, elevation of the proconvertin 
concentration was capable of producing a similar 
elevation in the results of the Quick test. When 
the proconvertin concentration was raised to still 
higher levels, however, the Quick value did not 
increase proportionately. In this case the critical 
point was only slightly below the lower limit of 
normal for the Quick test. The effect of a normal 
proconvertin concentration in masking a defi- 
ciency of prothrombin or Stuart factor is apparent. 


DISCUSSION 


There was good agreement between the ob- 
served and predicted net increase in proconvertin 


concentration at T = 0 following the injection of 
extract in the severely deficient patients. The ob- 
served net increase, however, was consistently 
higher than that predicted in the normal and less 
severely deficient patients. This difference was 
not related to age, sex, body weight or the condi- 
tion responsible for the proconvertin deficiency. 
It did not appear to be caused by the actual level 
of proconvertin measured in the patient's blood 
since in one severely deficient patient a total con- 
centration of 167 per cent was achieved, while in 
several experiments on mildly and moderately de- 
ficient patients the highest concentration meas- 
ured was below this level. Several different in- 
terpretations of these results are possible but 
none is convincing. Technical laboratory error 
seems unlikely because of the smoothness of the 
curves and the consistency of the finding. <A 
systematic error in the method, resulting in val- 
ues which were too low when proconvertin was 
measured in the extracts im vitro or too high when 
it was measured in the blood of the patient after 
administration of the extract im vivo, could ac- 
count for the discrepancy. 

In all experiments except that performed on 
the normal subject, disappearance curves having 
two exponential components were obtained. Both 
components of the curve had a faster rate in the 
more severely deficient patients, regardless of 
whether the cause of the deficiency was congenital 
or secondary to liver disease or the administration 
of Warfarin. It is not possible to determine from 
our data whether the first exponential represents 
endothelial adsorption, transfer of proconvertin 
into an extravascular compartment, a change i 
vitro in the degree of activation of proconvertin, 
the influence of a cofactor or inhibitor, or some 
other mechanism. The second exponential ap- 
pears to measure metabolic destruction since it 
proceeds at a steady rate to an infinitely small 
value. Because the mechanism responsible for 
the first exponential of the disappearance curve 
is unknown, it is impossible to state why its rate 
is faster in the severe deficiencies. However, the 
data derived from the second exponential appear 
to indicate that the metabolic destruction rate of 
proconvertin is more rapid the more severe the 
deficiency. These results suggest that the reduced 
proconvertin concentration in these conditions may 
actually be caused by an increase in its rate of 
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destruction as well as by a decreased rate of 
production. 

The apparent disappearance rate of a substance 
is influenced by its rate both of production and 
destruction. We have made the fundamental as- 
sumption that all of the patients in this study were 
in a steady state at the time when our experiments 
were performed. We found no evidence that the 
rate of production of proconvertin is controlled 
by its concentration in the blood since there was 
no correlation between the total proconvertin con- 
centration achieved and its apparent disappearance 
rate after injection of extract. If the production 
rate were controlled by the blood level, one would 
have expected the normal subject, whose procon- 
vertin concentration was raised to 224 per cent, 
to have experienced a decrease in production rate 
and therefore to have shown the fastest apparent 
disappearance rate of the entire group, whereas, 
in fact, his was one of the slowest. Conversely, 


while the same subject was receiving Warfarin, 
a small dose of extract produced an elevation of 
his proconvertin concentration to a level of only 
59 per cent, yet in this experiment the disappear- 


ance rate was faster than in any other experiment 
in the series. However, it is possible that War- 
farin, liver disease, and the congenital deficiency 
state raise special considerations and that in the 
normal subject in the steady state the production 
rave of proc nvertin is controlled by its level in 
the blood. 

The site and mechanism of destruction of pro- 
convertin are unknown. It does not seem prob- 
able that it is normally consumed in a process of 
continuous in vivo coagulation. If so, its rate of 
utilization should depend on the availability of 
other clotting factors. However, in the Warfarin 
experiments, prothrombin, Stuart factor, and prob- 
ably PTC were markedly reduced, yet the disap- 
pearance rate of proconvertin was as rapid as in 
the severe congenital deficiencies in which these 
factors were present in normal concentrations. 
Furthermore, proconvertin is not required for the 
production of blood thromboplastin and is not 
destroyed in the process of blood clotting. 

One hypothesis which might explain some of 
these results would involve the assumption that a 
part of the proconvertin in the body exists in an 
extravascular or endothelial compartment. In 
the severe deficiencies less proconvertin would be 
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present in this compartment and it might, there- 
fore, accept more proconvertin at a faster rate. 
Conversely, in the less deficient patients the com- 
partment would be more nearly saturated and 
might be less capable of accepting additional pro- 
convertin. The half-life of the first component of 
the disappearance curve would be shorter in the 
former instance than in the latter. The disap- 
pearance curve having a single exponential com- 
ponent in the normal subject might be explained 
on the assumption that the compartment was com- 
pletely saturated, or at least had a higher con- 
centration of proconvertin than that in the circu- 
lating blood. 

The fact that the rates of both components of 
the disappearance curve show a direct relation- 
ship to each other suggests that the mechanism 
for the initial removal of injected proconvertin 
from the circulating blood may be the same as that 
for its ultimate destruction. A mechanism in- 
volving a greater degree of cellular or membrane 
permeability might account for the faster disap- 
pearance rate of both components of the curve in 
the severe deficiency states. An increased perfu- 
sion rate could result in more rapid delivery of 
proconvertin to a specific organ of destruction and 
also to tissues where it is not destroyed and can 
be fed back to the circulating blood. In this re- 
gard, it is of interest to note that Dicumarol sig- 
nificantly increases the initial transvascular trans- 
fer of T-1824-labeled plasma protein in the rab- 
bit (16). 

The differences between our results and those 
reported by Hitzig and Zollinger (7) in an in- 
fant with severe congenital hypoproconvertinemia 
are not great and could well be due to differences 
in the materials and techniques employed. 

There are several reasons for the discrepancy 
between Frick’s (8) results and ours in the nor- 
mal subject receiving Warfarin. Following the 
administration of approximately 1,000 cc of plasma 
in 30 minutes to four normal adult subjects, he 
reported a disappearance curve with a single ex- 
ponential component having a half-time of 330 to 
360 minutes. The net increase in clotting factor 
value was 18 to 35 per cent. We produced net 
increases in proconvertin of 46 and 95 per cent 
following the administration of concentrated ex- 
tract within 5.5 minutes to one normal subject 
receiving Warfarin, and in both instances ob- 
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tained disappearance curves having half-times of 
‘12 and 13 minutes for the first exponential and 
85 minutes for the second. 

We have re-evaluated Frick’s data and find that 
when the net increase in proconvertin over the 
baseline value (rather than total concentration) 
is plotted on semilog paper, the half-time shown 
by his data is 145 to 165 minutes rather than 330 
to 360 minutes. Furthermore, the test he em- 
ployed did not specifically measure proconvertin 
but rather a complex composed of proconvertin 
and Stuart factor. Since the half-time of Stuart 
factor appears to be longer than that of procon- 
vertin, it is probable that the disappearance rate 
of the proconvertin was actually very close to 
that which we obtained. His failure to observe an 
initial more rapid component in the disappearance 
curve could have been due to the relatively long 
time required for the plasma infusion. Equi- 


librium could already have been established by the 
time his first observations were made 10 minutes 
after completion and 40 minutes after starting 
the plasma infusion. 

In reporting a single experiment in a patient 


with cirrhosis of the liver, Didisheim and co-work- 
ers (9) stated that following injection of an ex- 
tract containing approximately equal amounts 
of proconvertin and Stuart factor the half-time 
of proconvertin during equilibrium was 50 to 55 
hours. Their data do not support this conclu- 
sion, since they also used a test which did not 
specificially measure proconvertin but rather the 
proconvertin, Stuart factor complex. Further- 
more, at three hours after injection the result of 
this test had returned to its preinjection level. 
The further decrease in the test value over the sub- 
sequent four days could have been caused by the 
slower disappearance rate of Stuart factor con- 
tained in the extract given in the above experi- 
ment and on the previous day. 

Because of the limitations of large plasma infu- 
sions it is difficult to compare their effects with 
those of concentrated extracts. Under the best of 
circumstances it is not possible to raise the pro- 
convertin concentration in the recipient by more 
than 35 to 40 per cent with plasma infusions, and 
in interpreting the results one must consider the 
additional variable of changes in plasma volume. 
However, if allowances are made for these fac- 
tors, Frick’s results with plasma do not differ 
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greatly from those we have obtained with con- 
centrated extracts. Further studies with both sub- 
stances will be required to determine whether the 
proconvertin in the extracts behaves in any way 
different from that in native plasma. 

An opportunity for clinical trial of these ex- 
tracts was provided by two patients with congeni- 
tal hypoproconvertinemia. In one patient (M. M. 
no. 3) gingival bleeding of 24 hours’ duration, 
following scaling of his teeth, immediately stopped 
after injection of 25 ml of extract. On three 
occasions severe epistaxis of 12 to 24 hours’ dura- 
tion was promptly controlled in Bi. C. by the in- 
travenous administration of 15 to 30 ml of extract. 
In each of the above episodes active bleedii was 
in progress at the time of injection and was ob- 
served to stop within five minutes after its com- 
pletion. No further bleeding occurred and com- 
plete healing ensued. On another occasion Bi. C. 
had frequent bloody stools of five days’ duration, 
resulting in a decrease in his hemoglobin concen- 
tration to 4.2 g. Following administration of 28 
ml of extract, a single tarry stool occurred but no 
further gross bleeding was observed. The net 
increase in proconvertin at T = 0 was 80 per cent. 
On all of the above occasions the amount of ex- 
tract administered was sufficient to raise the pa- 
tient’s proconvertin concentration to or above the 
normal level. Although this effect was transient, 
the results suggest that if complete normality of 
the clotting mechanism can be achieved for even 
a short time it may be sufficient for normal he- 
mostasis and healing to occur. However, since 
elevation of the Quick test value was of greater 
degree and longer duration than that of the pro- 
convertin concentration, the possibility must be 
entertained that the therapeutic effects may have 
been due, at least in part, to some other unidenti- 
fied prothrombin conversion accelerator contained 
in the extracts. 

In all of the known blood clotting factor defi- 
ciency states except hypoproconvertinemia there 
is a defect in the intrinsic production of blood 
thromboplastin. In Stuart factor deficiency and 
hypoproaccelerinemia there is an additional fail- 
ure of the extrinsic clotting mechanism which re- 
quires tissue thromboplastin for its proper func- 
tioning. It is only in hypoproconvertinemia that 
the coagulation defect is strictly confined to the 
extrinsic mechanism. It is therefore possible that 
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the cessation of bleeding following the use of ex- 
tracts which produce such transient restoration to 
normality may be uniquely associated with pro- 
convertin deficiency states. Similar trials with 
large doses of concentrated extracts of other clot- 
ting factors in the appropriate deficiency states 
will be required to clarify this point. 


SUMMARY 


Extracts containing 35 to 88 times the procon- 
vertin concentration of normal human plasma 
were produced by aluminum hydroxide adsorp- 
tion of citrated plasma, elution with phosphate 
buffer, and precipitation of the protein in the 
eluate at pH 5.6 with 40 per cent ethanol at — 5° 
C. Following 16 injections of these extracts into 
nine human subjects, net increases in proconvertin 
of from 46 to 160 per cent were achieved. In 
one normal subject a disappearance curve with a 
single exponential component having a half-time 
of 230 minutes was found. In two mildly deficient 
and one moderately deficient congenital hypopro- 
convertinemic patients disappearance curves with 


The 


two exponential components were found. 
half-time of the first component was 18 to 30 min- 
utes and that of the second was 210 to 240 min- 


utes. In four severely deficient congenital hypo- 
proconvertinemic patients, one patient with severe 
liver disease, and one normal subject receiving 
oral Warfarin, disappearance curves with two 
exponential ecomponents were found. The half- 
time of the first component was 11 to 17 minutes 
and that of the second 85 to 120 minutes. 

The average net increase in proconvertin at 
T = 0 was 104 per cent of the predicted value in 
the severely deficient patients and 159 per cent 
in the normal and mildly and moderately defi- 
cient patients. 

Intravenous administration of the extract on 
five occasions to two patients with congenital hy- 
poproconvertinemia resulted in prompt cessation 
of gingival bleeding, epistaxis and rectal bleeding. 
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The NMC Internal Flow 
Proportional Counting System 
(PC-3A) 


TYPES OF ACTIVITY 100% resolution of alphas in the presence 
of high-level beta activity. Betas accurately counted in the 
presence of alphas. No window absorption. Sample is analyzed 
directly inside detecting chamber. Mylar window detecting 
chamber optional at extra cost. 

YIELD Full 2 pi geometry. Highest yield possible in flat sample 
counting — alphas 51%, betas 55% to 75%, gammas 1%. 
PRECISION Detects every alpha and beta which escapes from 
the sample surface through a 2 pi angle. 

BACKGROUND Alphas less than 0.1 counts per minute. Beta- 
gamma 12 counts per minute with type-C chamber for 1” 
diameter sample. Other size chambers available. 
DECONTAMINATION Al! chambers can be decontaminated in less 
than 10 minutes. 


APPLICATION The only system that effectively analyzes the 
radio-activity of compounds with such widely differing isotopes 
as H-3, C-14, P-32, $-35, K-40, Ca-45, Fe-59, Ni-63, Zn-65, Au-198, 
Fe-55, Po-210, Th, U and Pu-239. 

OPERATION Due to the high yield, counting time may be re- 
duced 80% to 95%. 

VERSATILITY Convenience outlets and selector switch for oper- 
ating any standard detector — well counter, GM detector, etc. 


Convert Your Present Scaler to a 
Proportional Counting System 


with any one of these NMC Proportional Counter Converters 


They connect to the GM input of any scaler with a variable high voltage 
supply... to provide the same results as with the PC-3A shown above. 


PCC-10A Al!-purpose counting chamber 
accepts disc samples up to 244” dia. 
x 6”. Chambers available for lower 
background counting. 742” x 1042” 


x 17” deep. 1442” deep. 


PCC-11A Chamber totally enclosed by 
heavy lead shield to reduce beta-gamma 
background counting. Other features are 
the same as for PCC-10A. 942” x 942” x 


PCC-12A Large chamber accepts 
samples up to 742” diameter x 1” thick. 
Ideal for bulky samples or large-area 
filter paper samples. 10” x 11” x 19” 
deep. 


Mylar window detecting chamber optional on all models. 
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Dosage Turbidimétrique des B Lipoproteines du Sérum Aprés Floculation par le Polyvinyl-Pyrrolidone. 
M. BursteErn et M. BERLINSKI. 


La Mise en Evidence des Nucléoles sur Frottis par le Bleu de Méthylene Boraté. G. Seman. 


Essai Négatif d’Induction de Leucémies Chez les Souris par le Benzol. J.-L. AMIEL. 


General Revue 
L’Histo-Enzymologie Pancréatique. L. ARVY. 


Technical Note 


Dosage Chimique des Dérivés de la Coumarine. M. VERSTRAETE et C. VERMYLEN. 


Subscription rate, $19.00 


Special rate for interns and residents, $13.00 


EDITIONS MEDICALES FLAMMARION, 22, rue de Vaugirard, PARIS 6eme. France. 
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Spotlights pH Meters 


With our comprehensive line of pH meters 
—ranging from the ultra-sensitive Beckman 
Model GS to the inexpensive Beckman 


HARSHAW 
SCIENTIFIC 


detailed information. 


H-29604 — 
Beckman Pocket 
pH meter, bat- 
tery operated. 6” 
x 3” x 2” deep. 
Light weight with 
unique combination glass and refer- 
ence electrode which permits holding 
meter in one hand while taking read- 
ings, leaving the other hand free for 
recording... $99.50 


H-28901—Beckinan 
Model GS pH meter, battery ~ 
operated. For special pH prob- 
lems and applications re- 
quiring extreme preci- 
sion. This ultra-sensitive 
instrument is accurate to 
0.0025 pH. The meter is 
a modified model G, which 
provides 20 times the sen- 
sitivity of standard null- 
meter measuring circuits. 
Utilizes same electrodes as 
model G... $625. 


H-29602 — Beckman 
Model N-2 pH meter. A 
compact, battery operat- 
ed meter in carrying case 
designed especially for 
portability. Ideal for field 
use. Range 0-14 pH. Case 
has compartment forelec- 
trodes, breaker and solu- 
tions. ... $360.00 


"Division of The Co. 


H-28915 — Beckman Zero- 
matic pH meter, line operat- 
ed. Simply push button and 
take pH or millivolt reading. 
Drift free, no warm-up time, 
line voltage compensation, 
continuous 0-14 pH scale. 
Outlets provided for recorder, 


polarizing current, 
etc.... $295.00 


man Model G pH 
meter, battery- 
operated. Designed 
for highest precision 
and versatility in pH 
studies, oxidation- 


Pocket Model—we offer the proper instru- 
ment for your particular need. 
Representative models are described briefly 
below. We welcome your requests for more 


reduction potential measurements 
and titrations with accuracy and 
reproducibility to +0.02 pH... 


$475.00 


H-29601—Beck- 
man Model N-1 pH 
meter, battery 
operated. Range 
0-14 pH. Temper- 
ature compensator 
covers 0-100°C. 
Rapid measure- 
ments to 0.1 pH 
and with careful 
technique to 0.03 pH. 


$310.00 
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SUPPLYING THE NATION'S LABORATORIES FROM COAST TO Coast 


SALES BRANCHES 
AND WAREHOUSES 
CLEVELAND 6, OHIO 
1945 East 97th Street 


13, OHIO 

6265 Wi Road 

2 28, 
Hubbell Ave. 


SALES OFFICES « Atlanta aici . ma Rouge 6, is * Buffalo 2, N.Y. * Hastings-On-Hudson 6, N.Y. * Pittsburgh 22, Pa. 


HOUSTON 11, TEXAS 
6622 Supply Row 

LOS ANGELES 22, CAL. 
3237 Se. Garfield Ave. 


OAKLAND 1, CAL. 
5321 East 8th Street 
PHILADELPHIA 48, PA. 
Jackson & Swanson Sts. 
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Service facilities and complete electrode stocks 
maintained at all Harshaw Scientific Branches 3 
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When too many tasks 
seem to crowd 

the unyielding hours, 

a welcome 

“pause that refreshes” 
with ice-cold Coca-Cola 
often puts things 


into manageable order. 
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PAPER ELECTROPHORESIS 


... now more useful than ever in clinical pathology 


Thousands of laboratories routinely run 
serum proteins by paper electrophoresis as 
an aid in diagnosing hepatitis, agamma- 
globulinemia, the myelomas and a variety 
of related pathologies. Now this simple 
diagnostic aid is being used to separate 
other serum components of medical sig- 
nificance. 


LIPOPROTEINS 


The relationship 
between these fat- 
protein molecules and 
atherosclerosis, liver 
diseases, diabetes 
and obesity has made lipoproteins an 
important field of research. 


HEMOGLOBINS 


Sickle cell anemia is 
revealed by the presence 
on the paper strip of 
both normal and sickle-cell hemoglobins. 


GLYCOPROTEINS MN 
Changes in 

glycoproteins are 

often greater and 

more specific than changes in serum pro- 
teins. Indications of glycoprotein correla- 
tions are reported in studies of cancer, 


collagen diseases, acute and chronic infec- 
tions and tuberculosis. 


These new analyses can be performed on 
the same Model R equipment chosen by 
most laboratories using paper electrophor- 
esis— equipment which is easy to use and 
lends itself readily to different analyses, 
dyes and techniques. For more informa- 
tion, please return the coupon. 


Beckman: 
Spinco Division 


Instr ts, Inc. 


Beckman/Spinco 
Model R System: 
cell, power supply 
and scanner 


To: Spinco Division, Beckman Instruments, Inc., Stanford Industrial Park, Palo Alto 16, California 


»* Please send me information on the clinical significance of paper electrophoresis, 
and a description of 
the equipment 
required, 


I own a Model R System 


and would like additional 
information on recently 


reported methods. — ADDRESS 
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OTITIS MEDIA 
TONSILLITIS 


BRONCHITIS 


» BRONCHIOLITIS 


FEWER TREATMENT FAILURES IN RESPIRATORY TRACT INFECTIONS 


BACTERIAL 
PNEUMONIAS 


“... outstanding advantages over many previously 
accepted chemotherapeutic and antibiotic agents 


effective perorally against the majority 
of common infections caused by pathogenic bacteria 
including the antibiotic-resistant staphylococci 


991 


ALTAFUR is available in tablets of 250 mg. (adult) and 50 mg. (pediatric), bottles of 20 and 100. 
1. Lysaught, J. N., and Cleaver, W.: Proceedings of the Detroit Symposium on Antibacterial 
Therapy (Michigan and Wayne County Academies of General Practice, Detroit, Sept. 12, 1959). 


THE NITROFURANS ...a unique class of antimicrobials 


EATON LABORATORIES, NORWICH, NEW YORK 


LANCASTER PRESS, INC., LANCASTER, PA. 
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